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1.0 INTRODnCTIOM 
Land sustains life and is vital for the survival of living 
beings including plants, animals and human beings. It provides 
man with living space, food, clothing and housing materials. In a 
broader sense, it includes all free gifts of nature or the entire 
natural environment that exist independently of man on the 
earth's surface, water and ice. In addition to building sites, 
farm soils, growing forests, minerals deposits, water resources, 
it also involves such changing temperatures and location with re-
spect to markets and other areas. Moreover, it includes all those 
man-made improvements which are attached to the surface of the 
earth and which can't be easily separated from it. 
Land is fixed in supply. The increasing pressure of popula-
tion on land is the sole cause of the rising man-land ratio, 
which sometimes even determines the type of farming and the crops 
cultivated. But the pressure of population and accessible markets 
are themselves insufficient to ensure that all land is employed 
intensively. In India, more than 75 percent of the people live in 
the countryside or village-side and agriculture is their main 
occupation. India ranks second in total population map of the 
world, next to China. But considering the present rate of growth 
of population in India which is 2.1 % per annum according to 1991 
census, intensive utilization not only of cropped land but also 
land under miscellaneous tree crops and pasture and other grazing 
lands etc. is highly desirable. Better land utilization can bring 
about better labour force utilization. It may be underutilization 
of land rather than a critical man-land ratio, that may be cause 
of crucial bottleneck to production and employment. 
1.1 OBJECTIVES OF THE PRESENT INVESTIGATION 
As is clear from the above discussion, land transformation 
at an unprecedented scale is taking place due to a variety of 
factors, but mostly related to population pressure and needs of 
human society. Characterizing this land transformation at differ-
ent hierarchies but at scales of the order of 3 to 4 decades is 
an important step in understanding these changes, projecting 
future scenarios as well as developing strategies to counter 
undesirable transformation. Keeping in view these considerations, 
a study with following objectives was carried out :-
1.1.1 State-level macro study of land transformation using 
land utilization statistics for the states of Gujarat, Madhya 
Pradesh, Maharashtra and Rajasthan during the period 1950-51 to 
1989-90. vis-a-vis gross transformation at National level. 
1.1.2 District-level micro study of land transformation using 
land utilization statistics for all the 19 districts of Gujarat 
State during the period 1950-51 to 1989-90. 
1.1.3 Analysis of changes in land availability for supporting 
human and livestock population during the period 1950-51 to 1989-
90 for the state and district-level studies. 
1.1.4 A detailed map based study of century-scale (1875 to 
192/93) land transformation over an intensive study site (141 
thousand ha) covering parts of Ahmedabad and Mehsana districts 
using historical topographical maps as well as recent remotely 
sensed data. 
2.0 REVIEW OF LITERATURE 
From early history of human civilization, land holds every 
natural things which is used or misused by human beings and 
living beings. Population needs land for food, shelter and cloth-
ing etc. These types of demands on lands are increasing day by 
day. It leads to change landuse/ land cover category from one to 
another. Secondly, standard of living also leads to landuse/ 
cover changes. Landuse/ cover category are also depends upon 
technology. Technology affect the landuse/ cover. Agricultural 
lands and forest cover converted into built-up/ settlement area, 
waste land and water body transformed to agricultural lands. 
Agricultural land and water body to waste land etc., all these 
are the results of living beings. So, it is very important to 
maintain to balance between land and environment. Landuse/ cover 
changes were studied with the help of statistics and also remote 
sensing techniques. They studied micro level to solve the emerg-
ing problems of landuse/ land cover. 
2.1 LANDUSE/ LAND COVER 
Indians have depends for their subsistence on land and water 
resources from the dawn of civilization. In Kautilya's "Artha-
sashtra" (272 B.C.), a classification of soils is found. Later 
Manu's literature mentions towards the later part of ancient 
India, a careful gradation of lands, survey, measurement and 
classification of out-turn. Arable lands were classified in 
various ways depending on the productivity of land, whether crops 
were grown, if fields were dependent on rainfall or irrigation, 
whether the land was hilly, and so on. The epic "Mahabharata" 
which narrates the battle between the Kauravas and the Pandavas 
around 1000 B.C. also mentions how valuable was the land resourc-
es and its proper utilization for the preservation of the King-
dom. The "Ain-e-Akbari" mentions that Emperor Akbar classified 
lands and fixed a different revenue to be paid by the owner of 
each land unit. 
Land including soils is a basic resources for primary pro-
duction. It serves as a storage for water to replenish the chan-
nel and ground water flow. An important characteristic of land is 
its immobility or permanence or a fixed location. Land is common-
ly regarded as both a renewable as well as a non-renewable re-
sources. Agricultural land when put to proper uses, is a renew-
able resources. However, like all living things including vegeta-
tion that are ultimately sustained or produced on the soil, it 
also becomes a depletable resources, when it is misused or 
abused. Landuse in India abounds in such misuse or abuse result-
ing in a progressive decline of its life sustaining capacity. On 
the other hand, the non-agricultural uses on land no matter 
whether it is mining or industrial or residential use constitute 
destructive landuse and hence make up a depletable resources. On 
account of the growing pressure on land, landuse and land cover 
changes have increased. Landuse and land cover changes according 
to the changing needs of man. Prime agricultural land in India is 
being destroyed by urban expansion and the growth of industries. 
India is an agricultural country, its economy depends on 
agriculture and agriculture depends upon land on which we are 
living. Land use depends on the decision of the owner of the 
resource. So, land should be managed properly to maintain its 
ecology, environment and agricultural output. 
2.1.1 Landuse Classification 
The following are the nine-fold land use classification used 
in India : 
Forests : Forests include all lands classed as such by any 
legal enactment dealing with forests or administered as forests. 
The area of crops raised in the forests and grazing within the 
forests remain included in the forests area. 
Area under non-agricultural uses : This stands for all lands 
occupied by buildings, roads, railways and other communication 
system or under water and other lands put to uses other than 
agriculture. 
Barren and unculturable land : This include all barren and 
unculturable land like mountains, deserts, i.e. land which can 
not be brought under cultivation. 
Permanent pasture and other grazing lands : These cover 
grazing lands whether they are permanent pasture or common graz-
ing land for village people. 
Miscellaneous tree crops and groves : Includes tree crops 
not included in the net sown area but is put to some agricultural 
use. Lands under trees, thatching grass, bamboos, bushes, groves 
for firewood etc., which are not included under orchards are 
classed under this category. 
Culturable wastes : These include all lands available for 
cultivation whether not taken up for cultivation or taken up for 
cultivation once, but not cultivated during the current year or 
the last five years or more in succession. Such lands may be 
either fallow or covered with shrubs and jungle which are not put 
to any use. They may be assessed or unassessed. Land once culti-
vated but not cultivated for five years in succession is included 
in this category at the end of five years. 
Fallow lands other than current fallows : These type of land 
included all lands which were taken up for cultivation for a 
period not less than one year and not more than five years. 
Current fallows : This type of land class comprises cropped 
areas which are kept fallow during the current year. 
Net sown area : This represents the area sown with crops and 
orchards counting areas sown more than once in the same year only 
once. 
In addition to the reporting area, gross cultivated area, 
irrigated area, area under different sources of irrigation and 
area sown under different crops are also recorded. 
2.1.2 Land Degradation Problems 
Indus valley civilization is a poignant example in history 
where the ancient civilization perished due to its neglect of 
land resources leading to the related problems of soils erosion, 
deposition of silt in rivers, ponds and water storage tanks, 
saline and alkaline lands, destruction of forests and over graz-
ing. In recent years this trend leads to self-destruction by 
neglecting land resources has been visible in some countries like 
Ethiopia and Sudan, where food production has declined alarming-
ly. 
The most important causes are accelerated degradation of 
environment and rapidly rising population pressure on land. The 
concern about degradation of land resources is worldwide espe-
cially in India and China, where serious land degradation prob-
lems aggravated by soaring populations. 
In India the increase of population from 361 million in 1951 
to 844 million in 1991 has pushed people to move fragile land 
which is then farmed more and more intensively. The man-land 
ratio is causing more extensive and serious ecological imbalance. 
The higher level of production are leading to pollution problems 
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on the farmlands due to high input of fertilizers, pesticides, 
weedicides, modern farm tools and machinery etc. In India today 
there are problems of soils erosion, land degradation and defor-
estation throughout the country. 
According to the NCA (1976), 175 Mha were affected by accel-
erated soil erosion and severe land degradation problems. It 
included an annual loss of 6 billion tones of soil with plant 
nutrients loss varying from 5.4 to 8 million tones, which are 
washed away by heavy annual monsoon rainfall into the sea. The 
area undergoing severe land degradation is : 
Area Mha 
1. Area subject to water and wind erosion 146.77 
2. Water logged area 8.53 
3. Alkali soils 2.50 
4. Saline soils including coastal sandy saline area 5.50 
5. Ravines and deep gullies 3.97 
6. Area subject to shifting cultivation 5.00 
7. Riverine land 2.73 
Source: Ministry of Agriculture, 1983. 
An area of 32.88 Mha was treated by soil conservation and 
land reclamation measures till 1988-89. However, soil erosion and 
degradation processes are going on simultaneously at a faster 
pace than conservation control programs due to rising human and 
animal population pressure on land. It is now estimated that 
about 187 Mha or 57 % of India's land area is affected by severe 
degrcidation. The area of alkali soils has increased from 2.5 Mha 
in 1976 to 3.58 Mha in 1990. Owing to increase of area affected 
by Icind degradation to 187 million hectare. 
Agriculture is the predominant land use in India. In 1990-
91, the net sown area was 140 Mha or 42.58 % of the total geo-
graphical area of 328.8 Mha. The gross cropped area (area sown 
more than once) was 191 Mha. The net sown area has declined from 
142 million hectare in 1981 to 140 million hectare in 1991, where 
as population has increased from 685 million to 866 million. The 
density of population is rising and land resources available for 
cultivation are getting reduced annually. There is a great need 
to create an awareness in India for sustained land use properly. 
Sustainable agriculture will comprise range of strategies for 
tackling a variety of problems including serious crisis in the 
utilization of natural resources, land degradation and soil 
erosion. 
Conversion of fringe agricultural lands into urban uses is a 
natural response to increasing demand for space in a growing 
urban area. The history of spatial expansion of a city or urban 
area, in most case can be explained in terms of waves of urban 
growth , each wave engulfing large areas of land beyond the city 
limits, the magnitude and direction of waves depending on various 
exogenous and indigenous factors. 
10 
A more general and effective answer of how to achieve desir-
able use of natural resources over continuing time is given 
through the conservation concept. This was strongly advocated by 
Gifford Pinchot soon after the turn of the twentieth century 
(Pinchot,1947). He proposed to give conservation a much wider and 
stronger meaning than its common connotation at that time-
primarily to save or protect from injury or waste expanding it to 
include wise use and positive management of natural resources in 
perpetuity. The intent was to amalgamate the concepts of steward-
ship, posterity and general societal responsibility into continu-
ing good land resource use. 
The conservation was applied primarily in the context of 
open spaces and non-urban land. In that respect it is definitely 
limited in scope and concept. The more recent development of the 
highly sophisticated environment movement with emphasis on and 
concern with total environmental quality is much more comprehen-
sive concept. It includes the earth, sea, and water as well as 
people in all their many interrelationships and dependencies. It 
is a total-ecosystem approach wherein natural resources are 
viewed in their entirely. They are appraised not only as sources 
of products that human beings and other life forms must have but 
also as sources of waste and pollution. The main purpose is to 
maintain and if possible to improve environmental quality. 
The basic problems is the present fact that both population 
and per capita use of energy are increasing at exponential rates 
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that can not indefinitely continue, it is generally believed 
that if population could be reasonably stabilized it would be 
possible to deal with energy and other resource problems and also 
improve or at least maintain environment quality. It has to be 
taken as a commentary on the human race, also in so many re-
spects, that seemingly it can not controls its numbers. 
Land is surprisingly difficult to define. The common concept 
is some form of the idea of terra firma "dry" land, but this is 
inadequate. Land cab be defined in different ways, but a good 
.short definition is "any every thing annexed to it, whether by 
nature or by hand of man (The Random Home Dictionary of the 
English Language, 1966). 
Basic characteristics of land are immobility, finiteness, 
topography, soil, subsurface structure, etc. One of the most 
obvious and important characteristics of land is its immobility. 
A parcel of land remains where it is, it is a particular segment 
of the earth's crust and can be identified accordingly. Location 
is consequently often extremely important in land use and value. 
Within the rather narrow range of natural land accretion and land 
loss that geologically occurs over time, there is just so much 
land. Land is not reproducible, but it is possible upto some 
extend. The importance of physical land characteristics varies 
greatly with location and use. Topographically land may be flat, 
steep, irregular, rocky, etc. With equipment and explosives the 
local topography of an area can be considerably changed, but 
people do not level many mountains. Thus, topography controls 
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many land uses. The characteristics of soil is extremely import-
ant for some uses, such as agriculture, but less so for urban 
land uses. Subsurface structure and composition below the surface 
may be rock, gravel, aggregates, sand, muck etc. The subsurface 
can present problems to construction on the surface and thus 
limit the land's use. Minerals, oil and gas distribution of these 
elements are very important resources is the result of geologic 
processes entirely independent of human needs and convenience. 
These are often undesirable effects on the land surface. 
2.1.3 Lands Of Many Uses 
Land characteristics and ownership, give a basis for the 
many uses of land. Metropolitan, cities, towns and industrial 
complexes can grown up on agricultural land, forested land, 
grassland, wasteland or even desert areas if location, topography 
and human needs so indicate and necessities such as transporta-
tion and water supply can be met. Agricultural crop lands, which 
in general require good soils, have mostly come from lands sup-
porting vigorous natural vegetation cover. Arid lands can be made 
fruitful if water can be supplied and wetlands can be drained to 
support agriculture and urban development. Geography remains, 
however, a strong force in controlling land development and use, 
e.g. mountains are where and what they are, and are not erased. 
The channels of most rivers are irrevocably imprinted on the 
land, although where and how the water is used is subject to much 
direction by people. 
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2.1.4 Reversible And Irreversible Uses 
The amount of land is finite where as the number of people 
and their many desires are not finite, so recognition of ir-
reversible and reversible land uses is important in landuse and 
land cover. By irreversible it is meant that application of a 
particular landuse changes or otherwise pre-empts the original 
character of the land to such a degree that reversal to its 
former use is impracticable. 
Cities, large towns and industrial area by and large never 
erased by any means. They constitute essentially irreversible 
land uses. Coastal and inland wetlands and other water bodies 
such as dams, reservoirs are another and very critical example. 
Mining and related extraction from the land is, by its nature, 
essentially an irreversible land use. The use of land for the 
major roads, railways and also airport of a country is also 
irreversible. But they can nonetheless be highly significant 
because at the pre-emptive nature of such uses and the fact that 
they deeply affect other land uses. 
Reversible uses include use of land in which the soil cover 
and landform have not been substantially changed. Agricultural 
crop land and pastures is a good example of readily irreversible 
land uses. Forested lands, which occupy very large areas, offer a 
number of reversible land uses. They provide an extremely per-
sisteat and durable land cover that is relatively easy to re-
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establish either naturally or by planting. Forests help to clean 
the air, build and hold soil and produce a wide variety of goods 
and services. 
2.2 FOREST 
The word forest is derived from the Latin root "foris", 
meaning out of doors, and etymologically , it is " a large uncul-
tivated track of land covered with trees and under wood" (Cham-
ber's Twentieth Century Dictionary, P 359,1943). In common lan-
guage, it denotes a group or stand of trees in a closed canopy. 
Willis (1951) defines forests as " a closed assemblage of trees 
allowing no break in the over head canopy; homogeneous of one 
species, or diversified." 
2.2.1 Natural Resources 
India is one of the richest countries in the world in both 
inorganic and organic natural resources. There are at least 
15,000 known and described species of flowering plants in India. 
India is one of the richest countries in livestock population, 
(336.4 million). This livestock population has a tremendous 
impact on the vegetation of the entire region, 
Man is the central feature in Natural Resources Ecology. 
Both in quality and quantity. Man is the index of ecosystem 
functioning. He is dependent upon most of the organic resources 
in the Biosphere, but inorganic resources influence man directly 
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or indirectly to such an extent that natural resource ecology has 
to take a note of all the interrelationships, interactions and 
interinvolvement processes. 
Forest is the dominant natural land cover everywhere from 
the geologic past. It is therefore, preserves the major land-soil 
features. Unfortunately, forests now are a dwindling natural 
resources throughout the world. Forests properly managed are a 
renewable resource. Forests constitute an important land cover. 
They meet the demand of human being, industrial and agricultural 
purposes. Forests provide the natural habitat for wild life, 
birds and plants. Forests are also used for grazing purposes. 
Forests have a vital role to play in maintaining essential eco-
logical balances and life supporting systems as well as in ensur-
ing genetic continuity. Forests help in the conservation of soil 
fertility and play an important part in the maintenance of the 
water regime of the land, and act as a shield against flood, 
erosion, controlling pollution, reducing noise and improving the 
landscape of rural and urban environments. Forests exert a bene-
ficial influence, on the growth of agricultural crops and on the 
climate of the region in which they exist. In the year 1950-51 
total forest area was 71.80 Mha as per the National Forest Poli-
cy, 1952 and in the year 1980-81 that was 75 Mha. Forests in the 
country have suffered serious depletion. Deforestation has been 
going on in India for many decades. 
Sizable area of forests have suffered as a consequence of 
reckless forest depletion. Trees have been indiscriminately 
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felled to feed biomass-based industry. According to Botanical 
Survey of India, about 1,000 flowering plants and plants of 
medicinal have been slipped into the list of endangered species. 
In spite of exploitation of our forests spread over many decades, 
India is rich in biological diversity. Such biological diversity 
is due to a variety of agro-climatic zones and ecological habi-
tats. Denudation of forests is responsible for reduction in snow 
cover and reduction of percolation of water in the hills. The 
Speed at which forest cover is shrinking in the Himalaya is 
alarming. At the current rate of decline, the Himalayan ecosystem 
will be barren in fifty years. However, uncontrolled removal of 
natural flora has also affected our fauna with the result that 
many animal and bird species are either on the verge of extinc-
tion or declining at a faster rate. Considering all aspects, the 
future strategy for forest conservation and development should 
aim at preservation of biological diversity, conservation of 
ecologically fragile ecosystem, increase the vegetation cover 
through massive reforestation, afforestation and social-forestry 
programs. 
2.2.1 Conservation Of Forests 
The area under forest in the country is estimated at 75 Mha 
constituting 23 percent of the total land area. One third of this 
area constitutes better preserved forests, the rest being badly 
depleted scrub forest. In spite of such an acute imbalance, whe-
never there is demand for more land, for expanding agriculture, 
industries, recreation. The carrying capacity of Indian biologi-
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cal systems are being ignored and exceeds more and more. The wood 
for Euel, timber for various purposes and other kinds of forest 
products such as grasses, bamboos, resins and tannins, fibers, 
bidi leaves, etc. play an important role in the industrial and 
agricultural sectors of our economy. Forests prove to be one of 
the most valuable economic resource available to humanity and in 
consequence to be one of the most heavily exploited. 
The country lost about 4.3 Mha of forest area from 1952 to 
1980, as per details given below : 
Area Mha 
River valley projects 0.502 
Agriculture 2.624 
Roads 0.060 
Industries 0.134 
Others 1.000 
Total 4.328 
Source: Ministry of Environment and forestry. 
2.2.2 Consequence Of Forest Degradation 
Through biotic influences such as lopping for fodder, green 
manure or for fuel, grazing, unregulated and non-scientific 
felling for timber, pole etc., the forests get degraded in all 
the stages of their succession. Some times human influences are 
selective for certain species. In the evergreen forests, where 
the practice of shifting cultivation is in vogue, fire and graz-
ing have played an influential role in deteriorating the forest 
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types. That the cycle of ecological ruins starts with deforesta-
tion is now a well established scientific truth. 
2.2.2.1 Floods And Droughts : Floods and droughts are the faces 
of the same coin of soil degradation and misuse of our land. 
Water running off the land deprives plants of the soil moisture 
and becomes a source of drought. Concentration of the same water 
down stream causes floods. This cycle of floods and droughts goes 
on disturbing the economy of the country. 
2.2.2.2 Sedimentation Of Reservoirs : Damage from increasing 
soil degradation is not only confined to soil productivity but it 
has its repercussions on the down stream are a through increased 
floods, choking of rivers and the rapid siltation of reservoirs. 
With the present siltation rates, useful life of the reservoirs 
is depleted two to four times earlier than estimated rates. It is 
alarming that with the depletion of forests fresh water springs 
in the Himalayas are fast drying up. 
2.2.2.3 Effect Of The Climates : The influence of forests in 
modifying climatic parameters through the crown can be commonly 
experienced. The climate beneath the crown generally shows re-
duced temperature. Forest cover reduces the ranges of temperature 
annual, monthly and diurnal (Kiltridge, 1962) . Studies indicate 
that temperature is always lower in a forest than in the open 
area during day time (Krishnaswamy et al., 1957). The diurnal 
fluctuations of temperature are higher in the open than in forest 
conditions. Bare ground is heated more rapidly than ground under 
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forests .The presence of vegetation modified the air temperature 
both by its sheltering effect in cutting out insolation and by 
its blanketing effect in restricting the out flow of heat thereby 
keeping the ground warmer during winter and cooler during the 
summer months. Mean temperature during the rainy season is lower 
in plantations than in the open. 
2.2.2.4 Frost : The moderating influence of forests on solar 
radiation, air and ground temperature generally affects the 
occurrence of frost. In the open, frost is severe in intensity 
and frequency as compared to forested area. 
2.2.2.5 Wind Velocity : Reduction in wind velocity, the height 
to which it extends and the distance to which the effects pene-
trates on the leeward side are functions of the tree height, stem 
and foliage density and to some extent wind velocity and its 
upward gradient. The reduction in wind velocity may be 20-60 
percent (Champion and Seth, 1968). 
2.2.2.6 Humidity : In a forest, the atmospheric humidity is 
recorded greater than in the open which is primarily attributed 
to evaporation from soils, transpiration, restricted air move-
ment, lower temperature and dew formation on the forest vegeta-
tion. The evaporative capacity of the air is reduced because of 
higher humidity (Ovinton, 1965). Higher mean annual precipitation 
is recorded in forest as compared to the open (Dabral et 
al.,1969). 
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2.2.2.7 Soil Temperature : The soil temperature variations de-
creased progressively with increasing depth, effective zone being 
to 30 cm below the soil surface. Forests help in retaining soil 
heat during the cold season because of the insulating effect of 
litter accumulation on the ground and the foliage above it. 
2.2.2.8 Hydroloaical Response To Forest Characteristics : Broad 
groups of hydrologic processes interacting with forest vegetation 
are rainfall, fog, dew, condensation, water storage, delivery, 
etc. These have been diagrammatically represented by Qureshi 
(1976), Qureshi et al.,(1964), Anderson and Hoon (1976), and 
Gupta (1978). Though the forests do not seem to have any appreci-
able effect on the rainfall, over wider areas a limited effect is 
felt on the rainfall, Warren (1941) expressed the view that 
forests modify local micro-climate to a considerable extent by 
reducing temperature, raising humidity and making conditions more 
favorable for increased rainfall. Charney et al., (1977) have 
indicated that evaporation is a major factor affecting precipita-
tion. Regions with increased albedo become sinks of energy bring-
ing about a decline in rainfall. Schnell (1975) has emphasized 
that the organic nuclei deflated from the surface litter aid in 
seeding the cumuli form clouds and therefore the loss of litter 
due to deforestation causes a reduction of rainfall. According to 
Biswas (1980), the rainfall of the various islands of the Anda-
mans and Car Nicobar shows a close correlation with the forest 
cover. The larger the wooded area, the higher is the rainfall. 
Mukherjee et al. (1976) noted that rainfall of Santa Cruz, north-
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ern suburb of Bombay adjoining the airport, was of higher order 
than that of Colaba at the southern tip of the island, till 1972. 
The decreasing trend of Santa Cruz is due mainly to Urbanization 
processes like demolition of hills and construction of tall 
building near the sea shore. 
2.2.2.9 Run Off And Soil Loss : The natural fallows i.e., 
grasses and shrub or grass alone give the least and negligible 
run-off and soil loss on almost all slopes and soil types. Culti-
vated fallows give the maximum and dangerous rates of run-off and 
soil loss. Similarly in semi-arid tracts the maximum soil loss is 
recorded on bare soil as compared to soils covered with vegeta-
tion (Bajpai et al., 1975). 
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2.2 REMOTE SENSING BASED LANDUSE CHANGE STUDIES IN INDIA 
Remote Sensing techniques are being used as a standard tool 
in assessing landuse/ land cover changes the world over. A large 
number of studies have been carried out in India, some of which 
are summarized in table 1. 
Hegde et al. (1994) studied the surrounding areas of the 
Kali river basin in Karnataka. An attempt was made to predict 
the changes in landuse / cover. Large scale changes in land 
use/ land cover due to water resource development by construct-
ing dams were identified. Before commission of dams original 
landuse/ cover categories mainly consisted of natural vegetation, 
agricultural land confined mostly along the narrow valleys in the 
Malnad area with few settlements. Large scale changes that have 
taken place are : i) clearing of natural forest cover, ii) 
increase in settlement area, iii) increase in mining area, 
iv) increase in scrub lands, v) increase in submerged area and 
vi) increase in estuary/ tank area. 
Pathan et al. (1989) carried out urban landuse mapping and 
zoning of Bombay Metropolitan region using multi temporal remote 
sensing data of 1975 to 1987 period. The fast expansion of Bombay 
city in short span led to encroachment of agricultural land 
surrounding the city. 
Uttarwar and Sokhi (1989), investigated changes in urban 
fringe of Delhi during 1970 to 1984 and correlated with change in 
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population. Sokhi et al. (19 ) extended this urban sprawl map-
ping and monitoring of Delhi to 1987. They point out that agri-
cultural lands, barren land in and around Delhi have been trans-
formed to built-up/ urban area due to very high growth rate of 
population and industrialization. 
Sharma et al. (1989) used satellite remote sensing for de-
tecting the temporal changes in the grazing lands in Jodhpur 
(Rajasthan) during 1958 to 1986.The grazing lands were decreasing 
due to increasing human activity and loss of pasture/ grazing 
land and increased livestock had disturbed the ecological balance 
of this fragile region. 
Chinnamani et al. (1983) carried out Quantitative monitoring 
of landuse changes in relation to hydrology of the Bhavani basin 
using remote sensing techniques. The study demonstrated the role 
of hydrology/ rainfall in the landuse/ cover changes in the 
basin. 
Sharma et al. (1984) monitored landuse/ land cover changes 
in Uttar Pradesh hill region during 1972 to 1977 using LANDSAT 
image. Major changes include conversion of closed forest area 
into agricultural land and also urban area/ settlement area. 
Forest cover decreased by 5.6 % of the study area during study 
period. 
Barodawala et al. (1992) have studied fluidity of landuse 
patterns over the last century (1876-78 to 1988) in and around 
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the Baroda urban complex. This study highlights how agricultural 
and grazing lands of in and around Baroda urban complex trans-
formed into industrialized and urban area in a short duration of 
time. 
Table 1. Selected remote sensing based studies on landuse/ land 
cover changes in India. 
Area Period Major changes References 
Kali R. 
Basin 
Bombay 
Metro-
politan 
Delhi 
Delhi 
Kapur-
thala 
Jodhpur 
Bhavani 
Basin 
U.P.Hill 
Region 
Baroda 
Bharatpur 
1975 
1988 
1975 
1987 
1970 
1984 
1977 
1987 
1965 
1987 
1958 
1986 
1968 
1975 
1972 
1977 
to 
to 
to 
to 
to 
to 
to 
to 
1876-77 
to 1988 
1986 
1989 
to 
Natural vegetation to built-up land, [1] 
mining & increase in submergence area 
Agricultural land to urban/ built-up [2] 
Agricultural land to urban/ built-up [3] 
Agricultural land to urban/ built-up [4] 
Wasteland & saline land to agriculture [5] 
Grazing land to urban/ built-up 
Increase of agricultural land 
[6] 
[7] 
Forest to agricultural and settlement [8] 
Agricultural, grazing & wasteland to [9] 
built up/ urban 
Sandy area, water logged & salt [10] 
affected area to agricultural land 
[ 1 ] . 
[3]. 
[5]. 
[7]. 
[9]. 
Hedge et al. (1994), [2]. Pathan et al. (1989), 
Uttarwar and Sokhi(1989),[4]. Sokhi et al. (1989), 
Sharma et al. (1989), [6]. Sharma et al. (1989), 
Chinnamani et al. (1983), [8]. Sharma et al (1984), 
Barodawala et al. (1992), [10]. Dhinwa et al.(1992) 
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Dhinwa et al. (1992), studied landuse changes in Bharatpi. 
district (Rajasthan) using GIS. In this study area under sane 
land, water-logged and salt affected area converted to agricul 
tural land in 1986 to 1989. Sandy land, water logged and salt af 
fected land amounting to about 164.95 sq km, 37.53 sq km and 7.0 
sq km respectively have been converted to agricultural land an 
also increase in cropped land from 3393 to 3 615 sq km during the sair 
period. 
2.3 LANDUSE/ LAND COVER CHANGES STUDIED BASED ON LAND UTILIZA 
TION STATISTICS 
Land utilization statistics is an important data source t 
study landuse changes. Number of studies carried out in various part 
of the country are summarized in table 2 and described in brie 
below. 
Rao and Rajasekher (1994) studied agrarian expansion i 
Rayalaseema (Andhra Pradesh) and reported an increasing trem 
except in the last quarter of the 19th century. The rate o 
agrarian expansion was slow due to less of population. 
A. K. Bora (1986) studied pattern of land utilization ii 
Assam during 1951-52 to 1978-79. The total forest cover has 
declined by 13.31 lakh ha (36 % ) , while net area sown (NAS) anc 
gross cropped area (GCA) have increased by 7.64 lakh ha and 32.8S 
lakh ha, respectively. Changes in landuse/ land cover categories 
26 
have occurred in fallow lands and also culturable wasteland from 
15.14 % and 5.88 % in 1960-61 to 9.89 % and 5.84 % in 1972-73, 
respectively. Area not available for cultivation has increased 
from 1953 to 1965-66 as a result of expansion of roads, buildings 
etc. 
Rao (1985) have described transition from subsistence to 
commercialized agriculture in Krishna district (Ahdhra Pradesh) 
between 1850 and 1900. The cause of this transition was introduc-
tion of canal irrigation and the process of commercialization of 
agricultural products. Total irrigated area increase from 1.3 
lakh acres in 1859-60 to 2.9 lakh acres in 1879-80. Total area 
under cultivation in 1877-79 was 1.8 lakh acres and increased to 
22.8 lakh acres in 1892-94. 
Lai et al. (1993) studied landuse pattern in arid zone of 
Rajastahn. An attempt has been made to predict changes in lan-
duse/ land cover. During the study period landuse changes have 
occurred along with the increase human and livestock population. 
Net sown area (NAS) and total cropped area (TCA) have increased 
by 35.5 % and 50.3 % while fallow lands declined by 76.3 %. 
Similarly culturable wasteland and barren land have declined by 
10.5 % and 55.8 %, respectively. This decrease has led to in-
crease in forest cover by 169.4 % and land put to non-agricultur-
al use by 43.3% and permanent pasture and other grazing land by 
82.7 %. Thus one of the significant changes occurred in forest 
cover in this area. 
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Sharma and Pandey (1992) have studied dynamics of land use 
in the states of India during 1966-67 to 1983-84 period. The 
trends and dynamics of annual changes among different landuse 
classes in Indian states were studied for the categories having 
implications for agricultural growth and ecological balance. Area 
under forest cover shows negative growth rates in the states of 
Assam, Bihar, Madhya Pradesh and Maharashtra i.e., -0.45, -0.20, 
-0.25 and -0.13 % respectively. This deforestation trends are 
likely to lead to very grave situation causing (i) severe ecolog-
ical imbalance including adverse agroclimatic changes in these 
states and (ii) an acute shortage of fuel and fodder. The annual 
rates of increase in the area under non-agricultural uses is 
observed to be very high in Gujarat followed by Tamilnadu, Rajas-
than, U.P., Maharashtra, Karnataka and Madhya Pradesh due to 
greater thrust on industrialization. Declining trends in barren 
land category are noticed in large number of states and at Na-
tional level. Permanent pasture and other grazing lands also show 
declining trends in most of the states and at country level. In 
the state of Gujarat, Maharashtra unfavorable increasing trend in 
cultivable wasteland is observed, similarly, in several states 
like Madhya Pradesh, Andhra Pradesh and Bihar and at the National 
level, a significant positive growth in fallow lands was ob-
served. 
Kaur (1991) has described changing pattern of agricultural 
landuse in Bist-Doab (Punjab) between 1951 and 1980. The net area 
sown (NAS) in the region has increased from 58.1 % in 1951 to 
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79.0 % i n 1980. This change o c c u r r e d due to h i g h p r e s s u r e of 
popu la t ion , expansion of i r r i g a t i o n , mechanizat ion of a g r i c u l t u r e 
and enactment of land reforms in the form of land c e i l i n g . Tota l 
f o r e s t cover of the r eg ion i n c r e a s e d from 0.3 % to 5.9 % of i t s 
t o t a l d u r i n g 1951-80. C u l t u r a b l e was te l ands and fa l low l ands 
decreased from 12.0 % to 2.8 % and 10.8 % to 0.9 %, r e s p e c t i v e l y 
during the study period. 
Table No. 2 Selected non-remote sensing based s tud ies on landuse/ 
land cover changes in India. 
Area Period Major changes Reference! 
[1] 
[2] 
[3] 
[4] 
[5] 
[6] 
[7] 
Rayala-
seema 
Assam 
Krishna 
dist. 
Rajasthan 
India 
level 
Bist-Doab 
(Punjab) 
Punj ab 
Orissa 
Andhra 
Pradesh 
1886 
1939 
to 
1951-52 
to 1979 
1850 
1900 
1957 
1990-
1966 
1983-
1951 
1980 
1950 
1965 
1950 
1960-
1970 
1984-
to 
to 
-91 
to 
-84 
to 
to 
to 
•61 
to 
•85 
Increase in NAC and decrease in cultu-
-rable waste land 
Increase of agricultural land & built 
up and decrease of forest cover 
Increase in agricultural land 
Increase in forest, agricultural •& 
pasture and grazing land 
Decrease in barren land & pasture land 
Culturable wasteland, fallow land to 
agricultural land and forest 
Fallow land to NAS & forest cover 
Decrease of forest & cultivable wasteland [8] 
to NAS 
loss of forest, pasture & mis. tree crops to [9] 
agriculture & non-agricultural uses 
[1]. Rao and Rajasekhar (1994), [2]. Bora (1986), 
[3]. Rao (1985), [4]. Lai et al. (1993), 
[5]. Sharma and Pandey(1992), [6]. Kaur (1991), 
[7]. Giri (1969), [8]. Giri (1969), 
[9]. Raju et al. (1988). 
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Giri (1969) studied changes in landuse pattern in Punjab 
before the bifurcation of Punjab state in 1966. In this study, 
increase in forest cover and net area sown were observed. 
However, forest cover decreased in Rothak (-0.38 %) and Kangra 
(-0.03 % ) . In some district land not available for cultivation 
decreased (Karnal, -0.61 %; Sangrur, -0.11). 
Giri (1969) studied changes in landuse pattern in Orissa 
during 1950-51 to 1960-61, where net area sown has increased from 
14.05 million acres in 1952-53 to 14.67 million acres in 1962-63. 
Forest cover decreased by 0.01 % %. Cropping pattern of the area 
also changed. Cropping intensity was 1.07 in 1950-53 and in-
creased to 1.21 in 1962-63. 
Raju et al. (1988) studied trends and distribution pattern 
of forest in Andhra Pradesh during 1971-72 and 1984-85. Defores-
tation has occurred in the study area due to dynamic economic 
needs of the people. Natural vegetation cover of Andhra Pradesh 
decreased by 6.5 % and miscellaneous tree crops and permanent 
pasture and other grazing lands also decrease. On the other hand 
land put to non-agricultural use increased by 5 % while net area 
sown registered a decline of 10 %. Forest degradation is the 
results of increasing human and cattle population. However, there 
are many factors, which are responsible for forest degradation 
such as submerging of forest by hydro-electric projects, dams, 
shifting cultivation, illicit felling of trees etc. Forest degra-
dation leads to imbalance in the ecology of the region. 
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3.0 MATERIAL AND METHODS 
The study of land transformation has been done at different 
levels of details. This includes changes in the (a) country as a 
whole over last forty years, (b) State level study in western 
India covering Gujarat, Madhya Pradesh, Maharashtra and Rajas-
than, and (c) district level investigation within Gujarat. Sta-
tistical data has been used for this studies. A detailed study 
covering parts of Ahmedabad and Mehsana districts was carried out 
using mapping procedure. The Sites covered under study are shown 
in figures (1, 2, 3). The details of the data used, procedures 
followed and analysis performed are described in this section. 
3.1 LAJNDUSE CHANGE ANALYSIS USING LAND UTILIZATION STATISTICS 
3.1.1 Period of Study and Data Sources 
The studies were carried out for India and four states of 
Gujarat, Madhya Pradesh, Maharashtra and Rajasthan (Figure 1). 
The period of study extends from 1950-51 to 1988-89. 
The present study is based on the data related to land use/ 
cover, rainfall, livestock and human population, collected from 
the various available published government statistics. 
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3.1.2 Statistics 
Landuse/ land cover statistical data for the whole country 
was used from published data (Agricultural Situation of India, 
March 1994) for the period 1950 to 1990 (40 years). Landuse land 
cover statistical data of Rajasthan, Madhya Pradesh, Maharashtra 
and Gujarat were also collected from various sources for the 
period of 40 years from 1950-51 to 198-89. The categories in data 
are as per nine-fold classification of land utilization. 
Census data for India, Gujarat, Madhya Pradesh, Maharashtra and 
Rajasthan were collected, gross area irrigated was also collect-
ed, for human and livestock population. The data sources for 
various study regions are given in table 3. 
3.1.3 Data Base Creation 
Year-wise data on all the variables for each study area was 
entered in a spreadsheet software for easy manipulation and 
retrieval. Separate files were made for major categories as well 
as area. The 'SOFTCAL' package, a UNIX-based spreadsheet was used 
for this purpose. 
3.1.4 Landuse Utility Indices 
Landuse utility indices like cropping intensity (CI) and 
landuse intensity (LI), were computed as per formulae given 
below: 
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CI = (Gross Cropped Area/ Net Area Sown) x 100 
LI (Net) = (Net Area Sown/ Net operational Area) x 100 
LI (Gross) = (Gross Cropped Area/ Net Operational Area) x 100 
Table. 3. Data type and period and its sources for India and 
four study states. 
s. 
1. 
2. 
3. 
4. 
5. 
NO. Area 
India 
Gujarat 
Madhya 
Pradesh 
Mahara-
shtra 
Rajas-
than 
Data 
Land utilization 
Livestock popu. 
Population 
Irrigation 
Land utilization 
Livestock popu. 
Population 
Irrigation 
Land utilization 
Livestock popu. 
Population 
Irrigation 
Land utilization 
Livestock 
Population 
Irrigation 
Land utilization 
Livestock 
Population 
Irrigation 
Period 
1950-51 to 
1988-89 
1951-1977 
1951-1991 
1950-51 
to 1988-89 
1950-51 to 
1989-90 
1951-1977 
1951-9191 
1950-1990 
1950-51 to 
1989-90 
1951-1982 
1951-1991 
1950-1990 
1950-51 to 
1988-89 
1951-1982 
1951-1991 
1950-1990 
1950-51 to 
1989-90 
1951-1982 
1951-1991 
1950-1990 
Source 
1,2,3,4 
1,2,3, 
5,6,7,8, 
9,10,11,12, 
13 & 14 
1,2,3, 
4,15,16, 
17 & 18 
1,2,3,4, 
15,16,17 
& 18 
1,2,3, 
22,23 
& 24 
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3.2 INTER-DISTRICT COMPARISON OF CHANGES IN LAND UTILIZATION IN 
GUJARAT 
3.2.1 Study Area, Period Of Study And Data Source 
This part of study involves district-wise study of whole 
Gujarat (Figure 2). The state of Gujarat was carried out from 
erstwhile Bombay State in 1960. There are currently nineteen 
district in the state and statistics related to land utilization, 
human and livestock, irrigation and rainfall for the period 1950-
51 to 1989-90 was collected from various published sources (Table 
3) 
3.2.2 Data Base In Computer 
Data base for each district of Gujarat was created using 
approcich and procedure & as described in section 3.1.3. 
3.2.3 Land Ut i l i ty Indices 
Cropping i n t e n s i t y and landuse i n t e n s i t y were estimated as 
described in 3 .1 .4 . 
3 . 3 LANDUSE CHANGE STUDY USING HAPPED DATA 
This study was r e s t r i c t e d over an in t ens ive study s i t e of 
approximately 1410 sq km over p a r t s of Ahmedabad and Mehsana 
d i s t r i c t s . This aimed at demonstrating the use of mapped data , 
e i the r from conventional topographic survey or i n t e r p r e t a t i o n of 
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remotely sensed data, for monitoring category-wise landuse trans-
formation in spatial context. The analysis of change was carried 
out using digital techniques of map analysis based on geographi-
cal information system (GIS) capabilities of a commercially 
available package. 
3.3.1 Study Area, Period And Data Source 
This study was carried over a site covering parts of Mehsana 
and Ahmedabad districts of Gujarat. Area lies between 72°E to 72° 
30'E longitude and 23°N to 23° 15' N latitude (Figure 3). The 
total study area is 1410 km2. 
The period of study extends from 1875 to 1992-93. Maps 
pertciining to 1875, 1960 and 1992/93 were prepared showing major 
land use categories. The data source were: 
Table No. 4 Data sources use over intensive study area. 
S.N. Period Source 
1. 1875 SOI Topographical sheet 46 A/4 and 46 A/8 of 
1:63,660 scale 
2. 1960 SOI Topographical sheet 46 A/4 and 46 A/8 of 
1:50,000 scale 
3. 1992/93 IRS-LISS-II FCC of path 32 row 52 of Sept.'92 
and January 1993. 
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Figure 3: Map of intensive study site in parts of 
Mehsana and Ahraedabad districts used for 
mapping landuse changes between 1875 and 
3.3.2 Preparation Of Landuse Maps 
The landuse map of the study area was prepared using SOI 
topographical sheets of 1875 and 1960 on 1:63,360 and 1:50,000 
scale, respectively. 
The landuse map of 1992-93 was prepared through visual 
interpretation of remotely sensed data. The maps depict the 
following landuse categories ; habitation/ settlement, water 
bodies, communication network, wastelands and agricultural lands. 
3.4 INTRODUCTION OF REMOTE SENSING AND IMAGE INTERPRETATION 
Remote sensing is the technique of deriving/ collecting 
information about an object without coming into physical contact 
with the object. The Remote Sensing observation are synoptic, 
provide repetitive coverage of large area and the data is quanti-
fiable. Remote Sensing data are used for the inventory, monitor-
ing and assessment of natural resources. 
The term remote sensing is used more commonly to denote 
identification of earth features by detecting the characteristic 
of electromagnetic radiation which is reflected or emitted by the 
earth surface itself. This reflection or emission depends upon 
the physical properties of the object. The reflectance or emit-
tance energy of any object at different wavelengths, gives a 
reflectance or emittance pattern which is characteristic of that 
particular object, it is known as "Spectral Signature". Proper 
interpretation of the spectral signature leads to the identifica-
tion of the object. 
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The remote sensing system consists of cameras or more so-
phisticated sensors which are placed on balloon, aircraft, rocket 
or satellite at various altitudes above the earth surface. The 
data obtained by sensors are stored in a variety of media, like 
photographs, or computer compatible magnetic tapes (CCT), etc. In 
remote sensing, the most useful wavelength regions are the vis-
ible (0.4 to 0.7 micrometer), the near infrared/ reflected IR 
(0.7 to 3 micrometer), the thermal IR (3 to 5 micrometer and 8 to 
14 micrometer) and the microwave regions (0.3 to 300 cm). 
The different stages of remote sensing are : 
1. Origin/ source of electromagnetic energy (Sun or 
electronic device). 
2. Radiation of energy from the source to the surface of the 
earth and its interaction with the atmosphere. 
3. Interaction of energy with the earth surface (reflection, 
refraction, absorption, transmission, etc.) 
4. Transmission of the reflected/ emitted energy to the 
sensor. 
5. Detection of the reflected/ emitted energy by the 
sensor converting into photographic image or electrical 
output. 
6. Transmission/ recording of the sensor output. 
7. Processing of the data for generation of data products. 
8. Collection of ground truth and other collateral 
information. 
9. Data processing and interpretation by visually or by 
computer added. 
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3.4.1 Signatures 
Any observable characteristics which directly or indirectly 
leads to the identification of an object or its condition is 
termed signature. Spectral , spatial, temporal and polarization 
variations are four major characteristics of the targets which 
facilitate discrimination. 
Spectral variation are the changes in the reflectance or 
emittance of objects as a function of wavelength. Colour of 
target is a manifestation of spectral variation in reflectance in 
the visible region (Figure 4). 
Spatial arrangements of terrain feature providing attribute, 
such as shape, size, form and texture of object which lead to 
their identification are termed as spatial variation. 
Temporal variation are the changes of reflecting or emisivi-
ty with respect to time. So, remote sensing data acquired over 
the same area at different times period, can make use of the 
temporal characteristics to discriminate them in a better way. 
Polarization variations relate to the changes in the polari-
zation of the radiation reflected or emitted by the target/ an 
object. The degree of polarization is a characteristics of the 
object, it helps us to distinguish the object. Such observation 
have been particularly useful in microwave region or active 
remote sensing. 
41 
' • > FRESH SNOW 
GREEN VEGETATION 
DARK TONED SOIL 
LIGHT TONED SOIL 
-..- CLEAR WATER 
TURBID WATER 
WAVELENGTH (mlcromtUr) 
gure No. 4. ,';pectral Signatures of soil, water, 
vegetation and snow. 
3.4.2 Sensor 
Sensor used for remote sensing can be broadly classified as 
those operating in the Optical-IR (OIR) and those operating in 
the microwave region. Optical Infrared and microwave sensors can 
be further subdivided into passive or active sensors. If the ob-
servation is made due to electromagnetic radiation from natural 
source (Sun) or due to the self emission it is called passive 
remote sensing. It is also possible to produce electromagnetic 
radiation by electronics device of a specific wavelength or a 
band of wavelengths to illuminate the terrain. The interaction of 
this radiance can be studied by sensing the scattered radiance 
from the target. This process of remote sensing is called active 
remote sensing. 
There are four major sensor parameters, such as, (i) Spatial 
Resolution, the capacity of the sensor to discriminate the small-
est target/ object on the earth surface; (ii) Spectral resolution 
- the spectral band width with which the imagery is taken; (iii) 
Radiometric resolution/ sensitivity - the capacity to differen-
tiate the spectral reflectance/ emittance between various tar-
gets; and (iv)Temporal resolution - to monitor change through 
time, temporal resolution is an important consideration when 
determining the resolution characteristics of a sensor. 
3.4.2.1 IRS Series Of Satellite : IRS - lA/ IB satellite has 
two payloads, consisting of Linear Imaging Self Scanning Sensors 
(LISS) which operate in pushbroom scanning mode using CCD linear 
arrays. 
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Table 5 Major specification of LANDSAT MSS & TM, SPOT HRV 1 & 2 
and IRS - lA, LISS - I & II. 
Features 
Launch Date 
Altitude 
Orbit 
Inclination 
Orbit/ day 
Repetivity 
Mean local 
time 
Swath 
LANDSAT 
1,2,3 
23/07/72 
21/01/75 
05/03/78 
918 km 
Sun synch-
ronous 
14 
18 d 
(251 orbits) 
19:30hrs 
185 km 
LANDSAT 
4,5 
16/07/82 
01/03/84 
705 km 
Sun synch-
ronous 
14.5 
16 d 
(233 orbit) 
10:30hrs 
185 km 
SPOT 
"^  
832 km 
Sun synch-
ronous 
26 d 
60 * 2 
IRS-IA 
17/03/88 
904 km 
Sun sync 
ronous 
99.049° 
14 
22 d 
(307 orbits) 
10:25hrs 
148 km LISS-
(117 km 74*2 LISS-II 
combined) (145 km comb.) 
Image side- 14 % 
lap at equator 
FOV 
IFOV 
Ground 
resolutin 
11.56' 
18 urad 
79 m 
120 m TM 6 
7.6 % 
14.9° 
87 urad MSS 
43 urad TM 
170 URAD TM 6 
30 m TM 
4.13° 9.4°LISS-I 
4.7°LISS-II 
80 urad LISS-I 
40 urad LISS-II 
20 m MS 72.5m LI5 
10 m Pan- 36 m LISS-II 
chromatic 
A camera operating in four bands in the 0.45 to 0.86 microm-
eter of spectral region with geometric resolution/ spatial 
resolution of 72.5 meters and a swath of 148.48 Km of LISS-I 
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sensor. Two cameras of LISS-II operating in four bands in the 
spectral region of 0.45 to 0.86 micrometer with a spatial resolu-
tion of 36.25 meters, each with a swath of 74.25 Km. Total swath 
of the two LISS-II cameras, allowing for a 3 Km overlap between 
them, will be 145.48 Km. 
Various types of users oriented data products including 
standard and precision B&W/ FCC photographic products as well as 
CCT are generated and disseminated. Special products including 
geocoded products are also available as per user choice/ require-
ments . 
3.4.3 Image Interpretation 
Image interpretation, a deductive process, is defined as the 
act of examining images for the purpose of identifying objects 
and judging their significance. Interpreters study remotely 
sensed data and attempt through logical process to identify, 
measure and evaluate the significance of environmental and cul-
tural objects and spatial relationships. 
3.4.3.1 Elements Of Image Interpretation : Image is a pictorial 
representation of the energy reflected or emitted from the scene 
in different parts of the electromagnetic spectrum. This appears 
in many tones, shapes, sizes etc. on an image depending upon the 
source, scene, sensor characteristics and image processing meth-
ods. The understanding of these elements is essential to classify 
an image. There are two main type of photographic elements such 
as (i) geotechnical element and (ii) phototechnical elements. 
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Satellite Data 
(Image on 1:50,000 scale) 
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I 
Ground 
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SOI Topographical Map 
I 
Base Map 
Preliminary 
In t erpre ta tion 
Modification 
Final land use/ 
land cover Map 
Figure 5: J.'low chart of visual interpretation of 
remote sensing data. 
Although general principal of image interpretation is same 
for different type of images. However, the knowledge of the 
condition under which images are obtained is very important. The 
physical environment factors affecting image quality are illumi-
nation condition, scene reflectance/ emittance properties, at-
mospheric conditions, image processing and type of film used. Any 
change in above parameters/ condition results in modification of 
some of the image elements. 
3.4.3.2 Techniques Of Image Interpretation : The interpretation 
should be proceed from general considerations to specific details 
and from known to unknown. Four basic sequential stages rec-
ognized are : 
i) selection of feature, 
ii) extraction of feature from the image, 
iii) definition of rules delimiting classes and 
iv) assigning parts of image to classes. 
In carrying out the task an interpreter may use other infor-
mation (collateral/ ancillary data), ground truth etc. Use of 
interpretation keys are very common in these tasks. An interpre-
tation key organizes the information present in the image to 
guide for correct identification of unknown objects. In the 
process the image elements for different objects/ features pres-
ent in the scene are systematically listed and described. A key 
may be organized for identification by selection or by elimina-
tion. A selective key illustrates and describes classes or phe-
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nomenon which mostly fills his unknown. An elimination key-
provides a step-by-step method of identification by eliminating 
all incorrect choices. 
The accuracy of image interpretation also depends on inter-
preter's understanding of how and why images show shape, tone 
shadow pattern, texture, association etc. Understanding of site, 
association and sensor resolution strengthens an interpreters 
ability to integrate the different features making up a terrain. 
3.4.3.3 Procedure For Landuse/ Land Cover mapping Visual Inter-
pretation Of Satellite Data: Mapping of landuse/ land cover from 
satellite imagery is well established. A procedure for mapping 
landuse/ land cover through visual interpretation techniques is 
described in way. Various component of the procedure are ; 
- selection of satellite data, 
- classification scheme, 
- collection of ground truth/ collateral data, 
- base map preparation, 
- preliminary interpretation, 
- transfer of details to base map, 
- final map preparation, 
- accuracy evaluation and 
- area calculation and generation of statistics 
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(a) Selection of Satellite Data : Season(s), product/ format 
of satellite data is selected on the basis of scale of mapping, 
level of details required, unit of mapping, availability of 
equipment etc. . For example two season (Ravi and Kharif) data is 
required to provide cropped area statistics and distribution 
during the year. For small scale (1: 250,000) mapping, course 
resolution data (LISS-I) is sufficient, but for 1:50,000 scale 
mapping LISS-II type data is required. Diapositives are used when 
interpretation is done through enlargers where as paper prints 
require light table as interpretation aid. 
(b) Classification Scheme : Before proceeding to any activi-
ty related to interpretation, a classification scheme is evolved. 
It is difficult to evolve a universal classification scheme for 
landuse/ land cover mapping. However, Attempts have been made to 
develop a comprehensive multi-level classification system 
(Anderson, 1976). 
(c) Ground truth/ Collateral Material : After studying the 
imagery of interest, field visit is executed to collect informa-
tion about various land cover classes and their conditions. The 
amount of field data required for a given remote sensing task 
depends upon the following considerations. 
- image quality including scale, resolution etc., 
- level of information to be derived, 
- accuracy requirements, 
- terrain condition and area accessibility, 
- existence of other ancillary information etc. 
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(d) Base Map Preparation : Information related to landuse/ 
land cover derived from remotely sensed data mostly provide 
polygons belonging to different categories. However, there is 
always a requirement to find location of these units with respect 
to administration boundary and transport (road, railway, etc.) 
links. This is achieved by taking the details about habitation, 
road/ railway and water bodies from Survey of India maps on 1 : 
250,000 scale. A map providing these details is called a base 
map. 
(e) Preliminary Interpretation : Some permanent features 
from base map are matched with the same features on the imagery. 
Then the image is classified into different categories based on 
interpretation techniques/ keys described earlier. Doubtful 
areas/ categories are identified and other data source are 
studied to overcome confusion. If a doubt persists the area is 
visited again and interpretation is verified. Accordingly modifi-
cations are done and final interpreted sheet is prepared. 
(f) Transfer to Base Maps : Interpreted details from inter-
pret sheet are transferred to base maps directly by matching the 
features if the scales of both area are same. Some minor adjust-
ments, if required are done using optical enlargement/ reduction 
aids. 
(g) Final Mapping : Cartographic work is performed on these 
sheets by providing reference/ legend, scale, standard symbols 
and colours to these classes. 
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(h) Area Calculation : Class-wise statistics for administra-
tive units (or natural units like watersheds) is generated 
through measurement of the area from final maps. Area measuring 
aids used include plainimeter, dot grids, graph sheets etc. 
3.5 Geographical Information System 
A Geographical Information System (CIS) can be defined as a 
computerized data-base management system for the capture, stor-
age, retrieval, analysis and display of locationally referenced 
data. Most of the standard GIS available are capable of handling 
all forms of spatially referenced data from any source, vector or 
raster-based. Such systems have capabilities of digitizing maps, 
cartography and other forms of display need in the context of 
decision making.Geographical data describe objects from the real 
world in terms of (i) their position with respect to a known 
coordinate system, (ii) their attributes that are unrelated to 
position and (c) their spatial interrelations with each other 
(topological relations), which describe how they are linked to-
gether. 
There are three important components of GIS, computer hard-
ware, sets of application software modules, and a proper organi-
zational context. 
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3.6 DIGITAL ANALYSIS PROCEDURE FOR STUDY OF LAND TRANSFORMATION 
The study of land transformation on intensive test site in 
parts of Ahmedabad and Mehsana district was carried out in two 
steps. The step 1 involved creation of landuse maps using topo-
graphical maps and interpretation of remotely sensed data. This 
has been described in Section 3.2. The second step, consisted of 
digital analysis procedure for driving landuse and landuse change 
maps as well as a land transformation matrix. The flow chart of 
the methodology is given in figure 5. The step-wise details are 
given below. 
Step 1. Using landuse map as an input, a scanned bitmap digital 
image file in TIFF (Tagged Information File Format). 
The scanning was done using Contex Scanner, at 300dpi. 
Step 2. The scanned image files were imported into PCI 
EASI/PACE package, located on IBM RS 6000 / 37 T work-
stations. 
Step 3. The bitmap image file were displayed on screen and 
vectorised. The polygons were edited and stored as 
bitmap segment separately for each landuse category. 
Step 4. The bitmap segment were encoded with unique number to 
create 8 bit digital image. The lat-long graticules 
were also coded as points on the image. 
Step 5. The encoded digital images were registered using image-
to-map registration process. The projection of output 
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map used was UTM (Universal Transverse Mercator) and 
each output pixel was 25 m. The resampling procedure 
used was nearest neighbor. Multidate data set was 
created. 
Step 6. The three date images data sets, i.e., 1875 and 1960, 
1960 and 1992-93, 1874 and 1992-93 were overlaid to 
create change images and also land transformation 
matrixes were derived. 
Step 7. HardcopY output depicting landuse at different times as 
well as landuse change between 3 time period indicated 
in step 6 were generated. The landuse change map class-
es indicated on the map are as given below : 
Table 6 Landuse/ cover changes from original class to trans-
formed class. 
Original class Transformed class 
Wasteland 
Any class 
Any class 
Agriculture 
Agriculture 
Settlement 
Water body 
Wasteland 
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INPUT 
Land use Map 
<r 
Scanned bit file (TIFF) 
Image Processing & GIS 
Computer System 
SCANNER 
File import and format conversion 
On screen vectorization, editing Scpolygon creation with lebs 
Digital Image with landuse codes 
Registration to a projection (UTM) and resampling to common 
pixel site (25 m) for creating MULTIDATE DATA SET 
Overlay analysis to create 
landuse change image & land 
tran sform a tion m a trix 
Hardcopy Output of 
Landuse Map 
Hardcopy output of 
Landuse change map 
OUTPUT 
Figure 6: Flow chart of digital analysis methodology 
for land transformation study. 
For the figures following class represents as follows: 
In actual In figure 
Total reporting area 
Forest area 
Fallow and culturable waste 
Non-agri. and barren land 
Pasture and mis. 
Net area sown (NAS) 
Total reporting area 
Forest area 
WL & Fal. 
NON-AG 
Past +Misc. 
Net area sown (NAS) 
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4.0 RESULTS 
This section is divided in three parts. First part descrided 
land vttilization of India as well as in states of Gujarat, Madhya 
Pradesh, Maharashtra and Rajasthan during the period 1950-51 to 
1988-89. Productive land indices are also discussed for the same. 
Relationship of livestock population with net area sown, total 
geographical area and pasture and other grazing lands have been 
studied. 
Similar investigation have been done for Gujarat State using 
district level statistics of the same period and are described in 
part two. 
Results of mapped data-based intensive study of land trans-
formation in parts of Mehsana and Ahmedabad districts for the 
period of 1875 to 1992/93 are then described in the third part. 
4.1 i^NALYSIS OF LAND UTILIZATION STATISTICS 
4.1.1 Changes In Major Categories Of Landuse 
4.1.1.1 Land Utilization Of India : India is the 7th largest 
country in the world. It covers total geographical area of about 
328.77 Mha. Total reporting area for land utilization statistics 
of India in 1950-51 was 284.31 Mha i.e., 86.49 percent of total 
geographical area and increased to 3 04.82 Mha in 1988-89. 
Area under forest : Total forest area of India was 12.13 % of 
total geographical area during 1950-51. Forest cover of India 
increasing gradually from 1950-51 to 1988-89 by 8.09 percent. 
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However, there are two abrupt changes, in 1959-60 it increased by 
2615 thousand ha and in 1983-84 a loss of 716 thousand ha have 
been reported. This is legal forest land and does not represent 
actucil forest cover. 
Land put to non-agricultural use : Area under this category in-
creased from 2.85 percent of total geographical area 1950-51 to 
6.46 percent in 1988-89. This represent an increase of 3.68 
percent. 
Barren land and unculturable land : Barren land in India during 
1950-51 was 13.42 percent of total reporting area and decreased 
gradually to 6.56 percent in 1988-89. However, during 1960-61 to 
1962-63 a slight increase in barren land category was reported. 
Pasture/ other grazing land : The area under this category in 
1950-51 was 2.35 % of total reporting area (2.03 % geographical 
area) and increased between 1950-51 and 1965-66 to 4.85 % of 
total reporting area, but since then shows a gradual decrease and 
in 1988-89 it was 3.87 % of RA (3.59 % of GA). 
Culturable wasteland ; Culturable wastelands show a continuous 
declining trend from 8.07 % of RA (6.98 % of GA) in 1950-51 to 
4.99 % of RA in 1988-89. 
Fallow land : The area under this category was 6.14 % of RA 
(5.31 % of GA) in 1950-51 and decreased during 1950-51 to 1967-68 
but from 1973-74 to 1988-89 it has increased from 2.87 to 3.43 % 
of RS.. Current fallow land was 3.76 percent of RA (3.25 % of GA) 
in 1950-51 and in 1988-89 was 4.54 % of RA (4.21 % of GA). 
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Net area Bovm : Net area sown during 1950-51 was 41.76 percent of 
RA (36.12 % GA) and shows gradual increase to 46.49 % of RA in 
1988-89. In the year 1979-80 and 1987-88 there were little de-
cline in net area sown from the normal. 
Area sown more than once during 1950-51 was 4.62 % of RA and 
increased to 12.59 % of RA in 1988-89. In relation to net area 
sown (NAS), the area sown more than once was 11.07 % of NAS in 
1950-51 and increased to 27.08 % of NAS in 1988-89. Increase in 
NAS cis well as area sown more than once implies a increase in 
total cropped area from 131.89 Mha in 1950-51 to 180.11 Mha in 
1988-89. 
4.1.1.2 Land Utilization In Gujarat : Gujarat state was formed 
in 1960 and total geographical area of Gujarat was 16.9 Mha in 
1950-51 and 19.61 Mha in 1989-90. 
Forest area : Total forest area of this state during 1950-51 
was 6.64 percent of RA and 10.29 percent of RA in 1989-90. 
Forest area from 1950-51 to 1954-55 shows declining trend of 2.14 
% and then increased up to the year 1982-83 by 5.93 percent. From 
1983-84 to 1987-88 there were no significant changes. 
Land put to non-agricultural use : This category of land use 
in Gujarat had been increasing during 1950-51 to 1989-90 period 
from 1.08 percent of RA to 5.93 percent of RA. 
Barren land/ Unculturable land : It was 26.61 percent in 
1950-51 and that was 13.86 percent in 1989-90 of RA. It declined 
from 1950-51 to 1989-90 by 12.75 percent. 
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Pasture/ grazing land : Pasture/ grazing land in the year 
1950-51 was 3.08 percent of RA. It increased up to the year 1969-
70 (5.41%) and then it shows decreasing behaviour, being 4.49 % 
of Ri^  in 1989-90. 
Culturable wasteland : Culturable wasteland decreased from 
1950-51 to 1968-69. In 1950-51 it was 3.82 percent and in 1968-69 
it decreased to 2.69 percent of RA. After this period it showed 
increasing trend up to 1978-79 period and again decreasing trend 
to 1989-90. In 1989-90 total culturable waste- land was 10.52 
percent of RA. 
Fallow land other than current fallow land : It shows de-
creasing trend from 1950-51 to 1989-90. In 1950-51 total fallow 
land was 5.32 percent and in 1989-90 was 0.28 percent of RA. It 
shows very rapid decline of fallow land. 
Current fallow in 1950-51 was 3.08 percent and in 1989-90 
was 4.71 percent of RA. It indicates little increase in current 
fallow land. However, in 1974-75 it was 9.82 % and in 1987-88 
(drought year) it increased to 16.46 percent of RA. 
Net area sown in Gujarat was 47.79 % of RA in 1950-51 and 
marginally increased to 50.62 % RA in 1989-90. Area sown more 
than once in the year 1950-51 was 3.48 % increased to 12.72 % of 
NAS. Total cropped area of Gujarat has been increasing . In 1950-
51 total cropped area was 49.45 percent and in 1989-90 it in-
creased to 57.05 percent of RA an increase of 7.5 percent during 
40 years. 
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4.1.1.3 Land Utilization Statistics Of Madhya Pradesh : Madhya 
pradesh with a geographical area of 442.14 Mha is the largest 
state of India. Total reporting area was 98.39 % of GA in 1950-51 
and 99.70 % of GA in 1989-90. 
Forest area : Forest area of Madhya Pradesh during 1950-51 
was 21.78 percent of total reporting area. It has increased from 
1950-51 to 1966-67. In 1966-67 forest cover was 33.18 percent of 
total reporting area. But during years 1967-68 to 1988-89, it 
declined marginally by 1.54 percent of total reporting area, 
during 1989-90 forest area of Madhya Pradesh was 31.64 percent of 
total reporting area. 
Land put to non-agricultural use : Data for the category 
land put to non-agriculture use from 1950-51 to 1952-53 were not 
available. From 1953-54 to 1960-61 there was very little increase 
in land put non-agriculture and from 1961-62 to 1973-74, land put 
to non-agriculture were 4.53 and 5.28 % of RA 1954-55 and 1989-
90, respectively. 
Barren land : In this category land consist of 5.48 percent 
of llA in 1953-54 and 5.00 percent of RA in 1989-90. It shows a 
very less change/ decline in barren land category from 1950-51 to 
1989-90 period. In miscellaneous category, it shows very less 
decline from 1950-51 to 1989-90. 
Culturable wasteland : Culturable wastelands also show a 
declining trend from 1950-51 to 1989-90,i.e., from 10.12 % in 
1953-54 to 3.62 % in 1989-90. 
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Fallow : Fallow land other than current fallow and current 
fallow show declining trend from 1950-51 to 1989-90 period. In 
1953-54 fallow land was 3.57 percent and 1.96 percent in 1989-90. 
Cxirrent fallow land in the year 1950-51 was 4.04 percent of total 
reporting area and in 1989-90 was 2.22 percent of total reporting 
area. It shows that it declined by just 50 percent during this 
period. 
Net area sown was 31.80 % of RA in 1950-51 and increased to 
43.72 % in 1989-90. Area sown more than once also increase from 
3.13 % of RA in 1950-51 to 7.31 % in 1989-90. It indicate that 
increase is very gradual. Total cropped area of Madhya Pradesh 
during 1950-51 was 43.93 percent and 51.03 percent in 1989-90 of 
the total reporting area. During 40 years of time it increased 
by 16.10 percent. 
4.1.1.4 Land Utilization In Maharashtra : Maharashtra before 
1960, also included area of Gujarat state. If we consider the 
landuse /land cover of Bombay Province during 1950's, it was 
covered by total geographical area of about 48929 thousand hec-
tors of land surface. Now it covers 307.69 Mha of land. Total 
reporting area of Maharashtra from 1950-51 to 1988-89 were stea-
dy. However, during 1975-76 and 1976-77 there was fall in total 
reporting area. 
Forest area : Forest area of Maharashtra in the year 1950-51 
was 14.86 percent and in 1988-89 was 17.47 percent of total 
reporting area. Total percent of forest area in 1950-51 and 1988-
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89 shows little increase in forest area, but during 1965-66 to 
1970-71 total forest area almost constant. 
Land not available for cultivation : This category of lan-
duse in this state in 1950-51 was 7.53 percent and in 1988-89 was 
9.13 percent of total reporting area. It increased but very 
slowly in the span of 40 years of duration. 
Pasture and other grazing lands : Pasture/ other grazing 
lands increase from 1950-51 to 1972-73 by 2.11 percent of total 
reporting area. After this period to 1988-89 there were declining 
trend of pasture/ grazing land, which is very gradual. 
Culturable wasteland : Culturable wasteland decrease from 
1950-51 to 1970-71 by 1.29 percent of total reporting area and 
then from 1971-72 to 1988-89 increased by 1.05 percent. 
Fallow land : Fallow land in 1950-51 and 1973-74 was 5.92 
percent and 6.84 percent, respectively. And then again increase 
of fallow land and from 1974-75 to 1988-89. and that is very 
negligible 2.03 percent. Current fallow land decreased from 1950-
51 to 1988-89 by 7.43 percent. 
Net area sown of Maharashtra in 1950-51 was 56.42 percent 
and in 1988-89 was 58.58 percent of total reporting area. Per-
centage of net area sown with respect of total reporting area 
from 1950-51 to 1988-89 shows marginal increase. Total cropped 
area increased from 1950-51 to 1988-89 by 7.36 percent of total 
reporting area. 
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4.1.1.5 Land Utilization Statistics Of Ra-jasthan : Raj as than 
is the 2nd largest state in terms of geographical area and occupy 
an area of 34234 thousand ha. The total reporting area was 99.94 
percent in 1950-51 and 100.06 % in 1989-89. 
Forest area : The forest area in Rajasthan increased from 
1950-51 to 1956-57, declined between 1957-58 to 1962-63 period 
and again it increased upto 1988-89. Total forest cover during 
1950-51 was 3.85 percent of RA and in 1988-89 it was 6.71 percent 
of RA. During mid of 1970's there were sharp increase in forest 
area by 235 thousand hectors. 
Land not available for cultivation : The area under this 
category in 1950-51 was 20.33 percent of RA. In 1951-52 land not 
available for cultivation was 26.11 percent of total reporting 
area and in 1988-89 was 13.03 percent of total reporting area. 
This percent shows declining trend of land not available for 
cultivation. 
Pasture/ grazing land : It occupied in 1953-54 3.53 percent 
in 1953-54 and 5.26 percent in 1988-89 of RA. In the year 1988-
89 there was little decline in pasture/ grazing land from previ-
ous year (1987-88). 
Culturable wasteland : Culturable wastelands in the year 
1953-54 was 22.23 percent of total reporting area and during 
1988-89 was 16.69 percent of total reporting area and represents 
one of the dominant land use change in Rajasthan. 
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Fallow land : Fallow land other than current fallow do not 
show any increase or decrease from 1950-51 to 1988-89. Fallow 
land keeps steady in its total coverage area. 
Net area sown indicate a significant increase 27.79 % of 
RA in 1950-51 to 47.08 percent of RA in 1988-89. Area sown more 
than once has been very rapidly increase from 1950-51 to 1988-89. 
In 1950-51 was 1.29 percent and 7.93 percent in 1988-89 period. 
Increase in both NAS and area sown more than once, leads to a two 
fold increase in total cropped area during 1989-90 
4.2 PATTERN OF SOME PRODUCTIVITY INDICES 
Landuse pattern in terms of physical size provides one of 
the indicators of utilization of land. But it does not reflect 
the comparative picture of landuse and hence, it is not possible 
to compare area of land under different uses. Intensity of lan-
duse indicates the ratio of land under certain use to total 
reporting area or total geographical area or any other compara-
tive items of landuse. Many times farmers, operations are limit-
ed. They do not cultivate their entire land on account of so many 
reasons. These factors work as constrains on intensive use of 
land. 
In this section some indices of productivity were explained 
like cropping intensity, land use intensity net and gross and 
intensity of area sown more than once. These are the very import-
ant criteria for land use / land cover classification for any 
country or region. 
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4.2.1 Cropping Intensity 
It signifies the use of some land for more than crop. The 
national cropping intensity (CI) was 111 in 1950-51 and amongst 
the states, it ranged from low of 103 for the state of Gujarat 
and to high 110 for Madhya Pradesh. Table 7 given below during 
the 1988-89 cropping intensity at national level was 127 and it 
is the highest amongst the four states and the lowest is 109 for 
the state of Maharashtra. 
4.2.2 Land P89 intensitY 
From above table we can say that land use intensity net in 
the country itself having 42, that is lowest in 1950-51 and the 
highest is 56 for the state of Maharashtra. In 1988-89 LI(N), it 
ranged from 44 for the state of Madhya Pradesh and to 59 for the 
state of Maharashtra. However, national level land use intensity 
net is 46 in 1988-89. 
Land use intensity gross { LI(G) } : If we go through the 
above table that LI(G) in 1950-51 , 28 for the state of Rajas-
than, in respect of that at National level is 46 and highest 
amongst the state is 61 for Madhya Pradesh. In 1988-89 LI(G) 
varies from 51 to 64. Madhya Pradesh carry the lowest 51 and 
highest is 64 by Maharashtra, but at the National level LI(G) is 
59. 
Intensity of area sown more than once in 1950-51 for the 
Maharashtra are not available. However, in 1988-89 National level 
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IAS>1 was 21.31, that is followed by Rajasthan 16.85, Madhya 
Pradesh 16.71 and Gujarat 11.28. 
Table No. 7. Productivity indices of India and four states. 
S.No. Year India Gujarat Madhya Mahar- Rajas-
Pradesh shtra than 
l.CI 
2. LI(N) 
3.LI(G) 
4.1as>l 
4.3.1 
1950-51 
1988-89 
1950-51 
1988-89 
1950-51 
1988-89 
1950-51 
1988-89 
111 
127 
42 
46 
46 
59 
9.97 
21.31 
Man Land Ratio 
103 
115 
48 
50 
49 
57 
3. 
12. 
36 
70 
110 
118 
55 
44 
61 
51 
9. 
17. 
85 
59 
109 
56 
59 
64 
8. 88 
105 
117 
27 
47 
28 
55 
16. 85 
In man land ratio in 1950-51 Rajasthan ranks in top then 
followed by Madhya Pradesh, Maharashtra, Gujarat and India it-
self. Man land ratio of Rajasthan in 1950-51 was 0.0214 km2 and 
for India i.e., 0.0091 kin2. Following figure show gradual de-
crease of land per capita population/ man in 1950-51 to 1988-89. 
In 1991 per capita land in National level was 0.0039 km2 and it 
is lov?est as compared to state level. However, state of Maharash-
tra also the same as to National level per capita land. The per 
capita land available in the state of Rajasthan is high followed 
by Madhya Pradesh, Gujarat and Maharashtra (Figure 12). 
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4.1.4 Livestock 
The total livestock population of India in 1951 was 292.78 
thousand. This comprised of 155.27 thousand cattle and buffalo 
43.4 thousand, goat 47.15 thousand and sheep 3 9.05 thousand and 
73.55 thousand poultry. The corresponding estimations of 1982 for 
cattle & buffalo, goats and sheep, poultry and total livestock 
are 192.45, 96.78, 95.25, 48.76, 207.74, 419.59 thousand respec-
tively. This correspond to 123.94, 62.19, 49.50, 80.08, 35.40 and 
69.78 % increase over 1951. The growth of livestock population 
in the country from 1951 to 1982 is given in table 11. It shows 
that livestock has increased by 0.48 per ha of net area sown 
during 1951-1982. This increase of livestock population has been 
contributed mainly by the increase of other livestock which 
includes sheep, goats, mules, camels, pigs and poultry. During 
1951-1982 cattle population increased by 123.94 % and buffalo 
population by 62.19 % , in case of livestock population the in-
crease is more than 69.78 % . Where as the increase of rearing of 
poultry is one of the reason behind this increase of livestock 
population. For this, a general picture of per hector distribu-
tion of cattle and buffalo in relation to the net sown area of 
the country is shown in table 8. 
A comparative picture of the availability of pasture and 
other grazing lands in relation to total livestock of India, 
Raj asthan, Madhya Pradesh, Maharashtra and Gujarat is shown in 
table 10. 
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Table 8. Per hectare population of cattle and buffalo in rela-
tion to net area sown in India (1951-1982). 
Year Net area sown No. of Cattle No. of buffalo No. of 
livestock 
'000 ha per ha per ha per ha 
1951 
1956 
1961 
1966 
1972 
1977 
1982 
118746 
129156 
133199 
136198 
139721 
139476 
141928 
1.30 
1.22 
1.31 
1.29 
1.27 
1.29 
1.35 
0.36 
0.34 
0.38 
0.38 
0.41 
0.44 
0.49 
2.45 
2.37 
2.52 
2.52 
2.52 
2.64 
2.93 
Table 9. Per hectare population of livestock in relation to net 
area sown in India, Rajasthan, Madhya Pradesh, Mahar-
ashtra and Gujarat (1951-1982). 
Year India Rajasthan M. P. Maharashtra Gujarat 
1951 
1956 
1961 
1966 
1972 
1977 
1982 
2.45 
2.37 
2.52 
2.52 
2.52 
2.64 
2.94 
2.83 
2.55 
2.65 
2.54 
2.74 
3.17 
2.18 
2.20 
2.33 
2.32 
2.16 
2.26 
1.40 
1.52 
0.95 
1.46 
1.43 
1.47 
1.54 
1.51 
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It may be seen that there is more pressure of livestock on 
available pasture and other grazing lands in India in 1982. In 
comparison to national average, the four states have lower pres-
sure on their pasture and other grazing lands. 
Table 10. Per hectare population of total livestock (except poul-
try) in relation to permanent pasture and other grazing 
lands in India, Rajasthan, Madhya Pradesh, Maharashtra 
and Gujarat 1951 - 1082 
Year India Rajasthan M. P. Maharashtra Gujarat 
2.99 
5.20 
5.22 
6.26 
4.06 
3.81 
1951 
1956 
1961 
1966 
1972 
1977 
1982 
5.04 
5.36 
6.00 
6.34 
6.87 
6.84 
8.11 
2.20 
2.45 
2.94 
3.36 
3.27 
4.09 
3.70 
4.07 
4.44 
5.88 
6.48 
5.55 
4.99 
6.97 
Above table again focuses the importance of availability of 
pasture and other grazing lands in states like Gujarat, Maharash-
tra, where dairies are developed to the desired extent. 
The change in per ha distribution of total livestock (except 
poultry) in relation to total geographical area in India, Gujar-
at, Madhya Pradesh, Maharashtra and Rajasthan during 1951 to 1982 
are given in table 11. It is seen that in Rajasthan pressure of 
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livestock as per total geographical area is higher than average 
for the country. While in Maharashtra it is lowest amongst four 
states. In general livestock population has been increased 1951-
1982 in India and four states. 
Table 11. Per hectare population of total livestock (except poul-
try) in relation to total geographical area in India, 
Rajasthan, Madhya Pradesh, Maharashtra and Gujarat 
(1951-1982). 
Year India Rajasthan M. P. Maharashtra Gujarat 
0.46 
0.74 
0.73 
0.78 
0.82 
0.78 
1951 
1956 
1961 
1966 
1972 
1977 
1982 
0.88 
0.93 
1.02 
1.04 
1.07 
1.12 
1.27 
0.94 
0.97 
1.07 
1.13 
1.20 
1.44 
0.69 
0.79 
0.85 
0.86 
0.90 
0.96 
0.82 
0.85 
0.96 
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4.2 ][iAND TRANSFORMATION IN GUJARAT 
4.2.1 DISTRICT-WISE DESCRIPTION OF MAJOR CHANGES IN LANDDSE 
4.2.1.1 Ahmedabad : Total geographical area of Ahmedabad was 
9.81 Mha in 1950-51 and decreased to 8.71 Mha during 1889-80 due 
to formation of Gandhinagar from this district in 1962. 
The forest area in Ahmedabad district is negligible, being 
0.12 % in 1950-51 and 1.35 % in 1989-90 of RA. Land put to non-
agricultural use was 0.34 % of RA in 1950-51 and increased to 
7.93 % of RA in 1989-90. There was sharp increase "reported in 
1968-69, 1969-70 from 0.74 to 6.37 % of RA. 
Barren land showed a decline from 11.68 % of RA in 1950-51 
to 8.48 % in 1989-90. Pasture/ grazing land also cover very 
little land surface i.e., 2.28 percent of RA in 1950-51 which 
increased in 1989-90 to 3.85 percent of RA. Miscellaneous and 
tree crops in the year 1950-51 was 3.85 percent and in 1989-90 
was zero percent of total reporting area. Culturable waste land 
during 1950-51 was 0.90 percent and increased in 1989-90 to 2.65 
percent of RA. 
Fallow land other than current fallow land in 1950-51 was 
3.62 percent and declined in 1989-90 to 0.61 percent of RA. 
However, current fallow land shows an increasing trend, being 
6.49 percent of RA in 1950-51 and increasing to 6.49 percent of 
RA in 1989-90. 
Net area sown during 1950-51 was 70.7 percent aj^ B5d!^ ?^ J 
A«: No. 
in 1989-90 to 57.5 percent of RA. Area sown more than once howev-
er, increased by 2.65 percent from 1950-51 to 1989-90. 
4.2.1.2 Amreli : Total geographical area of Amreli district 
was 3.98 Mha in 1950-51 and 6.76 Mha in 1989-90. During 1959-60, 
2.77 Mha of land was included into Amreli district. Total report-
ing area of Amreli will show almost stagnant growth. 
Forest area shows steady growth from 1950's to mid of 1970's 
and then it gradually increase by 6.13 percent of total reporting 
area. 
Barren land and pasture/ grazing land shows gradual in-
crease. On the other hand culturable waste land show decreasing 
trend by 2.55 percent. Fallow land has been decreased by 9.97 
percent of RA. Current fallow land increased by 1.12 percent of 
total reporting area. 
Net area sown increased by 16.3 8 percent. Similarly total 
cropped area increased by 19.94 percent. Area sown more than once 
also increased by 3.56 percent of RA. 
4.2.1.3 Banaskantha : Total geographical area of Banaskantha 
district was 10.92 Mha in 1950-51. The total reporting area in 
1950-51 was 100 percent of total geographical area but has 
decreased from 1950-51 to 1989-90 period, the total decrease 
being 2.96 percent of RA. 
Forest area of Banaskantha during 1950-51 was 11.18 % of RA 
and marginally increased to 12.02 % of RA in 1989-90. Land put to 
non-agricultural use has steadily increased from 2.32 % of RA in 
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Culturable wasteland has been increasing from 1950-51 to 
1978-79. But since then has been decreasing upto 1989-90 being 
1.85, 2.97 and 1.95 % in 1950-51, 1978-79 and 1989-90, respec-
tively. Fallow land decreased from 1950-51 to 1989-90. However, 
current fallow land increased from 1.59 % in 1950-51 to 6.21 % in 
1989-90 of total reporting area. 
Net area sown increased marginally. In 1950-51 net area sown 
was 53.82 percent and in 1989-90 was 65.64 percent of total 
reporting area. It has increased by 11.82 percent. Similarly 
total cropped area also increased from 55.46 percent to 84.68 
percent of total reporting area during 40 years of time. Area 
sown more than once increased very sharply from 1.63 % in 1950-51 
to 19.05 % in 1989-90 of RA. 
4.2.1.4 Baroda : Total geographical area of Baroda district 
was 7.07 Mha in 1950-51 and 7.79 Mha in 1989-90 of land surface. 
The total reporting area decrease was from 101.54 percent in 
1950-51 to 99.73 % in 1989-90 of total geographical area. 
Forest area has been increased from 5.25 percent in 1950-51 
to 10.54 percent in 1989-90 of RA. Land put to non-agriculture 
uses also increased very sharply from 1.04 percent in 1950-51 to 
9.39 percent in 1989-90 of RA. 
Barren land has decreased. However, pasture/ grazing land 
increased from 1950-51 to 1989-90. This increasing intensity is 
very marginal. Culturable waste land, fallow land and current 
fallow land decreased marginally in this same period. 
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Net area sown has remained roughly same during 1950-51 to 
1989-90 and total cropped area increased very marginally. 
4.2.1.5 Bharuch : Total geographical area of this district was 
7.61 Mha in 1950-51 and 9.04 Mha in 1989-90. 
Forest area during 1950-51 to 1989-90 has marginally 
increased from 16.32 to 18.58 % of RA. Land put to non-agricul-
ture uses was 8.19 percent in 1950-51 and 12.96 percent in 1989-
90 of total reporting area. 
Barren land has decreased from 1950-51 to 1989-90. On the 
other hand pasture/ other grazing lands increased in the same 
period. Culturable wasteland increased from 1.32 percent to 5.05 
percent of total reporting area during 40 years. Fallow land show 
increasing trend from 1950-51 to 1981-82. 
Net area sown show negative growth from 57.57 % in 1950-51 
to 54.72 % in 1989-90 of RA. Area sown more than once do not show 
much increasing tendency during 40 years. However, it has in-
creased, but very marginally. Total cropped area of Bharuch dis-
trict 57.69 percent in 1950-51 and 54.94 percent in 1989-90 of 
total reporting area. 
4.2.1.6 Bhavnagar : Total geographical area of Bhavnagar dis-
trict was 8.3 Mha in 1950-51 and 11.15 Mha in 1989-90. Total 
reporting area show very steady growth rate from 1950-51 to 1989-
90. 
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Forest area during 1950's show declining trends and from 
1960's to 1980's show gradual increase. Land put to non-agricul-
ture use increased gradually from 1950's to 1980's by 7.14 per-
cent of total reporting area. 
Barren land and pasture/ grazing land shows decreasing 
trends in 40 years. Culturable wasteland also decreased and 
fallow land decreased by 3.93 percent. Current fallow land shows 
very gradual increase. 
Net area sown decreased from 68.52 % in 1950-51 to 64.09 % 
in 1989-90 of RA. Total cropped area also show steady growth. 
However, area sown more than once increased gradually. 
4.2.1.7 Pangs : Bangs district covers 1.7 Mha and it is 
second smallest district of Gujarat. With forests covering 89.18 
% of RA in 1950-51. From 1952-53 to 1969-70 forest area declined 
to 56.32 % of RA and then it increased to 98.55 percent in 1989-
90 of total reporting area. Land put to non-agricultural use in 
Dangs district is negligible. 
Culturable wasteland, fallow land and current fallow land 
does not show any significant role in landuse/ land cover 
category. 
Net area sown and total cropped area of Dangs district are 
showing increasing trend. Net area sown increased by 19.22 per-
cent of RA in 40 years of time. Total cropped area also increased 
by 19.22 percent of RA. v 
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4.2.1.8 Gandhinagar : Gandhinagar district was created during 
1963-64 period. It is the capital of Gujarat State and it was 
earlier part of Mehsana and Ahmedabad districts. Total geographi-
cal area of this district is 0.653 Mha. There is no such forest 
area according to statistics. Land put to non-agricultural use 
has sharply increased from 0.92 percent in 1964-65 to 19.60 
percent in 1989-90 of RA. 
Barren land and pasture/ other grazing land shows declining 
trends. Barren land declined very sharply. However, pasture/ 
grazing land decreased gradually. Culturable wasteland decline 
marginally. Fallow land also show marginal decline. Current 
fallow have a tendency of increasing. 
Net area sown decreased from 80.89 % in 1964-65 to 69.68 % 
in 1989-90 of RA. Area sown more than once and total cropped area 
shows marginal increase. Total cropped area was 84.76 % in 1964-
65 and 93.10 % in 1989-90 of RA. Area sown more than once in-
creased by 19.46 percent. 
4.2.1.9 Jamnaaar : Total geographical area of this district was 
8.36 Mha in 1950-51 and 14.12 Mha in 1989-90. Total reporting 
area from 1950's to 1980's show little decline by 28.06 percent. 
Forest area in 1950's of this district was 4.02 percent of 
RA. During 1960's it increased to 7.41 and in 1970's it was 8.75 
percent of RA. During 1980's it came down to 4.04 percent of 
total reporting area. Land put to non-agriculture use category 
show increasing tendency from 1950's to 1980's by 3.6 percent of 
RA. 
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Barren land also decreased from 23.00 % in 1950-51 to 
15.60 % in 1989-90 of RA. Pasture/ grazing land during 1950' was 
very less i.e., 1.79 %. However, it increased gradually to 7.62 
% of RA in 1989-90. Culturable wasteland from 1950's to 1980' 
show decreasing trends by 4.51 % of RA. Fallow land also show 
decreasing trend by 0.50 % of RA. Current fallow land does not 
show any significant increasing or decreasing trends. 
Net area sown was 48.99 % in 1950-51 and 60.34 % in 1989-
90 of RA. Total cropped area increased from 49.82 percent in 
1950-51 to 68.65 percent in 1989-90 of RA. Area sown more than 
once also increased from 1950-51 to 1989-90. 
4.2.1.10 Junaqadh : Geographical area of this district was 8.93 
Mha in 1950-51 and 10.61 Mha in 1989-90s. Total reporting area 
of this district is almost steady/ stagnant in their growth rate. 
Forest area has increased from 15.34 percent in 1950-51 to 
18.87 percent in 1989-90 of RA. Land put to non-agricultural use 
increased very tremendously from 0.22 % in 1950-51 to 4.89 % in 
1989-90 of RA. 
Barren land decreased very rapidly from 1950's to early 
1980's. Pasture/ grazing land show gradual decrease from 1950's 
to 1980's. Culturable wasteland also decreased from 3.38 % in 
1950-51 to 1.18 % in 1989-90 of RA. Similarly fallow land de-
creased from 2.00 % to zero percent during 40 years. Current 
fallow land during early 1950's was 11.26 % then it came down to 
2.2 % in 1971-72. 
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Net area sown was 60.16 % in 1950-51 and 54.34 % in 1989-90 
of RA. Total cropped area during 1950-51 was 60.16 % and 61.97 % 
in 1989-90 of RA and area sown more than once also increased by 
6.42 percent. 
4.2.1.11 Kheda : Geographical area of Kheda district increased 
from 6.71 Mha in 1950-51 to 7.19 in 1989-90 land surface. Total 
reporting area during first quarter of the 40 years period, 100 
percent of total geographical area and in second quarter has 
increased very little and third quarter and fourth quarter 
remains same as to second quarters total reporting area. In 1989-
90 total reporting area 95.79 percent of total geographical area. 
Forest of this district during 1950-51 0.34 percent of RA. 
It shows increasing trends from 1950-51 to 1989-90. In 1968-69, 
it attains 4.13 percent of RA. In a single year (1968-69 to 1969-
70) it comes down to just half of the previous years forest area. 
After this period forest area shrinks down to 1.42 percent of 
RA. Land put to non-agricultural use show tremendous increasing 
trend from 0.06 % in 1950-51 to 10.60 % in 1959-60 of RA. From 
1960's to 1980's it increased marginally. 
Barren land category show decreasing trend and pasture/ 
grazing land show steady growth rate. Culturable wasteland de-
creased from 1950-51 to 1989-90 period. Fallow land and current 
fallow shows decreasing and increasing trends, respectively. 
Net area sown and total cropped area of this district shows 
almost steady growth rate from 1950-51 to 1989-90. Area sown more 
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than once increased from 3.95 percent in 1950-51 to 14.24 percent 
in 1989-90 of RA. 
4.2.1.12 Kutch : Total geographical area in 1950-51 was 43.96 
Mha of land comprised by Kutch district. However, it increased to 
45.65 Mha in 1989-90. Total reporting area also showed steady 
growth rate. 
Forest area of Kutch district was 1.17 % of RA in 1950-51 
and increased to 6.29 % of RA in 1989-90. Land put to non-agri-
cultural use in 1950's are not available. In 1960-61 it was 0.75 
% and increased 1.60 % in 1989-90 of RA. 
Barren land of Kutch district comprises 75.03 % of total 
reporting area in 1950-51. It decreased sharply to 37.39 % in 
1989-90 period. Pasture/ grazing land do not show any significant 
increasing or decreasing tendency. Culturable wasteland increased 
from 1950-51 to 1980's by 30.94 percent of RA. Fallow land and 
current fallow decreased from 1950-51 to 1989-90. 
Net area sown increased by 6.96 %. Like-wise total cropped 
area also increased by 7.8 %. Area sown more than once increased 
by 0.84 % of RA during the period 1950-51 to 1989-90. 
4.2.1.13 Mehsana : Total geographical area of Mehsana was 11.19 
Mha in 1950-51 and 9.03 Mha in 1989-90. Decrease in geographi-
cal area, due to formation of new district. Total reporting area 
of this district show steady growth. Total reporting area 99.88 
percent in 1989-90 of total geographical area. 
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Forest area show declining trend from 1950's to 1960's. 
After this it increase till 1989-90 to attain 1.97 percent of 
RA in comparison to 0.76 percent in 1950-51. Land under the cate-
gory of non-agricultural uses increased from 1950's to 1980's by 
4.27 percent. 
Barren land and pasture/ grazing land shows declining trend 
by 6.17 percent and 1.32 percent, respectively in 1950-51 to 
1989-90. Culturable wasteland is showing gradual decline. While 
other fallow land showed declining trend, current fallow land 
showed increasing trend. 
Net area sown and total cropped area shows very marginal 
growth. In 1950-51 net area sown was 65.21 percent and 73.80 
percent in 1989-90 of RA . Total cropped area increased by 66.64 
percent to 94.51 percent in the same period. Area sown more than 
once increased very sharply by 19.28 percent during 1950-51/ 
1989-90 period. 
4.2.1.14 Panchmahals : Panchmahals district covers total geo-
graphical area of 8.92 Mha and total reporting area of this dis-
trict was 100 percent of total geographical area during 1950-51. 
Forest area of this district was 12.38 percent of RA in 
1950-51 and increased till 1963-64 to 25.97 percent of RA, but 
has nearly remained constant since then. Land put to non-agricul-
tural use was 8.25 percent in 1950-51 and decreased to 0.66 in 
1961-62 of RA. In 1989-90 land put to non-agricultural use was 
6.65 percent of RA. 
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Barren land decreased from 9.16 % in 1952-53 to 11.5 % of RA 
in 1989-90 of RA. From 1958-59 to 1961-62, it keeps steady and 
then it start decreasing. During 1989-90 barren land was 4.28 
percent of total reporting area. Pasture/ grazing land do not 
show any large scale increase or decrease. 
Culturable wasteland decrease from 15.26 percent of RA in 
1950-51 to 1.62 percent in 1989-90. This shows sharp declining 
in culturable wasteland category from 1950-51 to 1989-90. Fallow 
land and current fallow shows decreasing trend from 1950-51 to 
1989-90. During 1950-51 fallow and current fallow were 3.53 
perc€;nt and 13.04 percent of RA, respectively. In 1989-90 fallow 
and current fallow land were 0.10 percent and 6.32 percent of RA, 
respectively. 
Net area sown show steady growth rate. Net area sown in 
1950-51 was 53.45 percent and 52.59 percent in 1989-90 of RA. 
Total cropped area was 61.73 % in 1950-51 and 59.54 % in 1989-90 
of RA. Area sown more than once in 1950-51 was 8.26 percent and 
6.97 percent in 1989-90 of total reporting area, it show little 
amount of decline. 
4.2.1.15 Raikot : Total geographical area of Rajkot district 
during 1950-51 was 11.82 Mha and in 1989-90, 11.20 Mha. Total 
reporting area of this district show very steady growth. In 1950-
51, 100 % and in 1989-90 99.12 percent. 
Forest area category of land in Rajkot district in 1950-51 
was 12.46 % and 3.07 % in 1989-90 of RA. It showed very much 
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declining trend in this district during four decades. Land put to 
non-agricultural uses was increased by 6.14 percent. 
Barren land and pasture/ grazing land during four decades 
shows marginal decrease by 3.58 percent and 4.04 percent of RA, 
respectively. Culturable wasteland show marginal increase by 0.77 
percent of RA. Fallow land show the decreasing trend. On the 
other hand current fallow land shows declining trend during 
1950's and then increase gradually i.e., 5.12 percent of total 
reporting area in 1989-90. 
Net area sown has increased marginally from 65.77 % in 1950-
51 to 66.55 % in 1989-90 of RA. It has gone up by 0.78 %. In the 
similar way total cropped area and net area sown more than once 
has gone up by 9.42 % and 8.4 % in 1950's to 1980's, respective-
ly. 
4.2.1.16 Sabarkantha : Total geographical area of Sabarkantha 
is 6.12 Mha. Total reporting area of this district was 100.06 
percent of total geographical area in 1950-51 and 98.75 percent 
in 1989-90 of RA. 
Forest area of this district increased from 4.39 % in 1950-
51 to 17.46 in 1989-90 of RA. It has increased significantly. 
Howejver, during 1968-69 to 1974-75, in this period, forest area 
declined by 9.77 percent. Land put to non-agricultural use in-
creased very sharply from 0.82 % in 1950-51 to 5.59 % in 1989-90 
of FLA. 
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Barren land was 16.94 percent in 1950-51 and 4.95 % in 1989-
90 RA. It declined very sharply. Pasture/ grazing land keeps 
steady throughout the- study period. Culturable wasteland was 
6.17 percent in 1950-51 and 1.96 percent in 1989-90. It shows 
declining trend by 8.13 percent. Fallow land has decreased from 
1950-51 to 1989-90 by 4.15 percent. On the other hand current 
fallow land has increased from 1.94 % in 1950-51 to 6.60 percent 
in 1989-90 of RA. 
Net area sown increased marginally from 1950-51 to 1989-90, 
by 1.92 percent. Area sown more than once increased gradually 
from 5.19 % in 1950-51 to 8.69 percent in 1989-90 of RA. Howev-
er, total cropped area decreased from 1950-51 to 1989-90 by 1.56 
perc€5nt. 
4.2.1.17 Surat : Geographical area of Surat was 10.31 Mha in 
1950-51 and 7.76 Mha in 1989-90. After 1961-62, parts of Surat 
were included into other district. Total reporting area of Surat 
was 99.97 percent in 1950-51 and 100 percent in 1989-90 of total 
geographical area. 
Forest area in Surat increased from 11.44 % in 1950-51 to 
18.27 % in 1989-90 of RA. Land put to non-agricultural use in 
1950-51 was 0.37 percent and 10.67 percent in 1989-90 of RA. But 
from 1972-73 to 1977-78, it increased, just twice. 
Barren land increased marginally from 1.17 percent in 1950-
51 to 7.86 percent in 1989-90 of total reporting area. Pasture/ 
» 
grazing land also decreased from 5.70 percent in 1950-51 to 3.12 
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percent in 1989-90 of RA. Culturable wasteland has decreased 
marginally from 2.95 % in 1950-51 to 2.94 % in 1989-90 RA. 
Fallow land decreased from 1950-51 to 1981-82 by 8.90 percent of 
RA. Current fallow land decreased in the first half of this 
period and on the second half of the period it increased. 
Net area sown of Surat decreased from 62.63 % in 1950-51 
and 54.3 % in 1989-90 of RA. Area sown more than once show 
steady growth rate. Total cropped area was 65.9 % in 1950-51 and 
58.32 percent in 1989-99 of total reporting area. Growth rate of 
total cropped area was almost same in the whole period of 40 
years. 
4.2.1.18 Surendranaaar : Total geographical area of this dis-
trict was 7.01 Mha in 1950-51 and 10.49 Mha in 1989-90. Total 
reporting area of Surendranagar, 100 % in 1950-51 and 99.7 % in 
1989-90 of total geographical area. 
Forest area was very negligible percent of RA in 1950-51. 
However, during 1960's it has gone up to 1.50 % of RA. Gradually 
it has increased to 4.69 % of RA in 1989-90. Land put to non-
agricultural use gradually increased from 1950's to 1980's and it 
increased by 4.78 %. 
Barren land show decreasing trend from 1950-51 to 1989-90 by 
7.64 percent. Pasture/ grazing land during 1950's and 1960's show 
very marginal growth. However, in 1970's and 1980's, it remains 
almost constant in its growth rate. 
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Culturable wasteland from 1950's to 1980's show very margin-
al decrease with respect to RA i.e., 6.29 % in 1950-51 and 1.49 % 
in 1989-90. Fallow land do not show any significant increasing or 
decreasing trend. However, during last two years of 1980's, it 
has increased sharply. Current fallow land category shows very 
marginal increase i.e., 4.29 percent. 
Net area sown , total cropped area and area sown more than 
once, all of these three categories of landuse/ land cover are 
showing increasing trend. Net area sown increased by very little 
amount, total cropped area and area sown more than once increased 
by 1.9 percent and 2.31 percent of RA, respectively. 
4.2.1.19 Valsad : Valsad district was created in the year 1962. 
Totcil geographical area of this district is 5.24 Mha. The total 
reporting area in 1962-63 was 100.13 percent and in 1989-90 it 
was 98.28 percent of total geographical area. 
Forest area of this district was 30.85 percent in 1962-63 
and gradually decreased to 23.82 percent of RA in 1989-90. Land 
put to non-agricultural use comprises 1.82 percent in 1962-63 and 
7.11 percent in 1989-90 % of RA. With sharp increase from 1970-
71 to 1971-72. 
Barren land and pasture/ other grazing land has decreased 
from 1963-64 to 1989-90. Culturable wasteland also increased. 
Fallow and current fallow land shows almost steady growth rate. 
Net area sown increased marginally from 55.97 % in 1950-51 
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to 59.53 % in 1989-90 of RA. Total cropped area and area sown 
more than once do not show significant change in their growth 
rate. 
4.2.2. Pattern Of Productivity Indices 
In this section cropping intensity, land use intensity (net 
and gross) and also intensity of area sown more than once were 
discussed. 
4.2.2.1. Cropping Intensity (CI) : The range of cropping intensi-
ty (CI) in 1964-65 was 100 to 118. Panchmahals district had 
higher i.e., 118 and Dangs and Bharuch districts had lower crop-
ping intensity i.e., 100. In general CI increased and ranged from 
100 to 133 in 1989-90. Amongst them the largest increase was in 
Gandhinagar district i.e., 133. (Figure 19 & 20). 
4.2.2.2. Landuse Intensity (Net and Gross) : In 1964-65 land use 
intensity net having 13 is the lowest for the district of Kutch 
and 78 is the highest for the districts of Amreli and Gandhina-
gar. During 1989-90 LI (net) ranged from 14 to 74. Kheda and 
Mehscina represent at the top and Kutch at bottom. Like wise land 
use intensity gross, in 1964-65 ranged from 13 to 82 for the 
districts of Kutch and Mehsana respectively. During 1989-90 LI 
(Gross) lies in between 15 to 95, carried by the following dis-
tricts Kutch and Mehsana. (Figure 21 & 22). 
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4.2.2.3. Intensity Of Area Sown More Than Once : Intensity of 
area sown more than once in 1964-65 range from 0.24 for the 
district of Dangs and 17.57 for the district of Panchmahals. In 
1989-90 IAS>1 highest amongst the district is Gandhinagar i.e., 
33.41 and lowest is 0.40 for Bharuch district. 
4.2.4 District-wise Distribution Of Livestock 
The livestock population has an important part in the rural 
economy of Gujarat due to emphasis on diary development activi-
ties. 
4.2.4.1 Livestock Population In Relation To Total Geographical 
Area : Distribution of geographical area with respect to total 
livestock as seen from the table 12, it show that livestock 
population pressure increase from 1951 to 1977 in all the dis-
trict. During 1951 larger pressure of livestock population in 
the districts of Panchmahals and Sabarkantha. The lowest amongst 
the district represent for Dangs. The highest pressure of live-
stock population in 1977 was 1.66 livestock per hectare in geo-
graphical area in the Panchmahals district and lowest amongst the 
district is Dangs i.e. 0.46 livestock per hectare in geographical 
area. 
4.2.4.2 Livestock Population In Relation To Pasture And Grazing 
Lands : In the table 13 distribution of livestock vs pasture and 
other grazing lands. From that table we can say that 1951-1977 
period livestock population pressure increase in relation to 
pasture and other grazing lands. During 1961 highest livestock 
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pressure on pasture and other grazing lands in Kheda district 
i.e. 19.29 per hectare and lowest in the same year in Kutch dis-
trict i.e. 0.21 per hectare. Livestock population pressure in the 
year 1977 highest amongst and the lowest amongst the district 
are Panchmahals i.e., 1.66 and Kutch i.e., 0.22, respectively. 
Table 12. Distribution of livestock per ha total geographical 
area in Gujarat district-wise 1951-1977. 
District 
Ahmedabad 
Amreli 
Banaskantha 
Baroda 
Bharuch 
Bhavnagar 
Dangs 
Gandhinagar 
Jamnagar 
Junagadh 
Kheda 
Kutch 
Mehsana 
Panchmahals 
Rajkot 
Sabarkantha 
Surat 
Surendranager 
Valsad 
1951 
0.59 
0.72 
0.98 
0.89 
0.53 
0.25 
1.09 
0.92 
1.36 
1.36 
0.96 
1956 
0.66 
0.73 
1.06 
0.81 
0.50 
0.84 
0.35 
0.74 
0.90 
1.14 
0.20 
1.04 
1.44 
0.92 
1.41 
0.97 
0.57 
1961 
0.63 
0.80 
1.12 
0.81 
0.52 
0.87 
0.40 
0.73 
0.78 
1.24 
0.21 
1.00 
1.47 
0.84 
1.29 
1.01 
0.52 
1966 
1.18 
0.84 
1.22 
0.88 
0.59 
0.92 
0.44 
1.26 
0.73 
0.83 
1.25 
0.22 
1.08 
1.67 
0.89 
1.32 
0.81 
0.52 
1.15 
1972 
0.70 
0.92 
1.18 
0.89 
0.58 
1.04 
0.46 
1.31 
0.80 
0.93 
1.22 
0.24 
1.13 
1.65 
0.91 
1.37 
0.83 
0.61 
1.19 
1977 
0.68 
0.87 
1.09 
0.93 
0.50 
0.91 
0.46 
1.27 
0.69 
0.89 
1.20 
0.22 
1.09 
1.66 
0.87 
1.34 
0.82 
0.50 
1.17 
102 
Table 13. D i s t r i b u t i o n of l i v e s t o c k per ha of p a s t u r e and o t h e r 
g r a z i n g l a n d s . 
District 
Ahmedabad 
Amreli 
Banaskantha 
Baroda 
Bharuch 
Bhavnagar 
Dangs 
Gandhinagar 
Jamnageir 
Junagadh 
Kheda 
Kutch 
Mehsana 
Panchmahals 
Rajkot 
Sabarkantha 
Surat 
Surendranager 
Valsad 
4.2.4.3 Dist 
1951 
4.91 
3.60 
7.37 
5.08 
9.50 
13.49 
14.32 
5.04 
3.99 
7.77 
4.83 
ribution 
1956 
7.28 
4.26 
7.40 
6.65 
7.54 
4.90 
5.21 
6.51 
4.61 
17.47 
1.28 
6.04 
10.31 
6.16 
10.57 
8.64 
3.31 
1961 
6.59 
5.08 
5.74 
6.64 
7.90 
4.39 
6.54 
4.75 
4.50 
19.11 
1.60 
5.14 
9.44 
5.62 
12.58 
5.82 
3.55 
Of Livestock In 
1966 
17.46 
6.86 
7.04 
7.32 
9.98 
4.52 
4.01 
8.70 
4.75 
4.88 
19.41 
1.98 
4.54 
13.61 
6.56 
11.74 
11.40 
4.22 
12.62 
Relation To 
1972 
6.17 
7.75 
9.38 
8.11 
5.26 
4.99 
8.31 
5.03 
5.45 
19.85 
0.56 
8.43 
17.41 
6.72 
9.73 
10.38 
5.55 
12.52 
1977 
4.00 
6.60 
7.22 
7.88 
4.21 
5.57 
11.05 
3.97 
5.18 
15.86 
0.57 
8.18 
15.18 
5.30 
10.78 
7.31 
3.14 
12.79 
NAS : During 
the 1961 pressure of l ives tock population amongst the d i s t r i c t s 
are h ighes t i s rank for the d i s t r i c t of Panchmahals and lowest 
rank for the d i s t r i c t of Surendranagar (Table 14). During 1977 in 
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Panchmahals d i s t r i c t p ressure of l ives tock popula t ion was 3.09 
per hec tor of ne t area sown, i t was the h ighes t and lowest in 
Surendranagar i . e . 0.80 per hectare of net area sown. 
Table 14. D i s t r i b u t i o n of l i v e s t o c k per ha n e t sown a r ea in 
G u j a r a t d i s t r i e t - w i s e . 
District 
Ahmedabad 
Amreli 
Banaskantha 
Baroda 
Bharuch 
Bhavnagar 
Dangs 
Gandhinagar 
Jamnagar 
Junagadh 
Kheda 
Kutch 
Mehsana 
Panchn\ahals 
Rajkot 
Sabarkantha 
Surat 
Surendranager 
Valsad 
1951 
0.92 
1.26 
1.83 
1.26 
0.93 
2.84 
1.40 
1.41 
2.55 
2.24 
1.54 
1956 
0.94 
1.19 
1.84 
1.14 
0.87 
1.21 
3.64 
1.29 
1.38 
1.46 
2.34 
1.36 
2.73 
1.29 
2.43 
1.52 
0.94 
1961 
0.91 
1.10 
1.94 
1.16 
0.91 
2.31 
1.84 
1.30 
1.33 
1.60 
1.71 
1.37 
2.74 
1.26 
2.12 
1.56 
0.81 
1966 
1.70 
1.11 
1.77 
1.27 
1.02 
1.40 
2.50 
1.55 
1.27 
1.44 
1.60 
1.64 
1.43 
3.11 
1.34 
2.04 
1.39 
0.80 
2.06 
1972 
1.00 
1.23 
1.65 
1.28 
1.00 
1.64 
1.68 
1.38 
1.55 
1.71 
1.73 
1.46 
2.99 
1.38 
2.19 
1.48 
0.90 
2.11 
1977 
1.05 
1.18 
1.58 
1.35 
1.07 
1.56 
1.73 
1.22 
1.51 
1.70 
1.54 
1.42 
3.09 
1.38 
2.23 
1.57 
0.80 
2.06 
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4.3 STUDY OF LAND TRANSFORMATION (1875-1992/93) IN PARTS OF 
MEHSANA AND AHMEDABAD DISTRICTS USING OLD HAPS, R S DATA AND GIS 
This study was carried out over an intensive study area 
lying in the southern part of Mehsana and northern part of Ahme-
dabad district of Gujarat state. It covers a geographical area of 
1410 sq km. The maps of study site showing four major land use 
categories pertaining to 1875, 1960 and 1992/93 are given figure 
17, 18 & 19 respectively. The relative distribution of area under 
four land use categories is summarized in table 14. During 1875 
total agricultural land occupied 68.72 percent of study site, 
waste land 3 0.16 percent, while built up/ settlement and water 
bodies covered only 0.40, 0.73 percent, respectively. 
By the year 1960, the agricultural area had increased to 
88.47 percent and area under waste lands decreased to 9.17 % of 
study area. The settlement/ built up and water body categories 
also showed marginal increase. By 1992/93 the agricultural area 
had increased to 92.82 % of study area, and waste lands decreased 
to 4.18 percent. In this span, the built up/ settlement area more 
than doubled to 2.23 percent. The area under water bodies de-
clined by 0.52 percent to a level of 0.77 of study area. 
4.3.,1 LAND TRANSFORMATION BETVfEEN 1875 AND 1960 
Land transformation matrix showing category-wise changes in 
four landuse types between 1875 and 1960 is given in table 15. 
Between 1875 and 1960, 904.85 sq km of agricultural land was 
common. Waste lands and water body lost 337.34 sq km and 5.21 sq 
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km to agricultural land during this period. The wasteland cate-
gory in 1960 included 49.34 sq km of agricultural land of 1875, 
0.85 sq water body. Built-up area increased by 9.74 sq km during 
this period of which 6.22 sq km was lost by agricultural land and 
only 2.85 sq km and 0.41 sq km by wasteland and water body, 
respectively. Agricultural lands of 1875 were also transformed to 
water body to an extent of 8.51 sq km by 1960. Like-wise waste-
land were also converted to water body by 5.96 km. The transfor-
mation matrix shows that between 1875 and 1960, the agricultural 
area which increased by 278.48 sq km, it actually had a gross 
increcise of 342.55 sq km as 64.07 sq km of agricultural area was 
transformed to other landuse types. 
4.3.2 LAND TRANSFORMATION BETVfEEN 1960 AND 1992/93 
Land transformation matrix showing category-wise changes in 
four landuse types between 1960 and 1992/93 is given in table 16 
of the total agricultural land during 1992/93 of 1308.82 km2, 
1209.93, 85.01 and 13.87 km2 was derived from agriculture waste-
land and water body land of 1960. Wasteland in 1992/93 covered 
59.01 km2, out of which 18.33 and 0.46 km2 came from agricultur-
al land and water body, respectively. Agricultural land of about 
13.30 km2, waste land of 2.44 km2 and water body of 0.55 km2 were 
converted into built-up area. Water bodies in 1992/93 covered 
10.84 km2 out of which agricultural land and wasteland contribut-
ed by 5.85 and 1.61 km2, respectively. 
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Table 15. Distribution of major land use categories in intensive 
study area in 1875, 1960 and 1992/93. 
Year Total Geog. Agri- Waste Built up/ Water body-
area (sq km) culture lands settlement 
1875 1410 968.92 425.25 5.63 10.26 
(68.72%) (30.16%) (0.40%) (0.73%) 
1960 1410 1247.43 129.29 15.12 18.25 
(88.47%) (9.17%) (1.07%) (1.29%) 
1992/93 1410 1308.82 59.00 31.41 10.84 
(92.82%) (4.18%) (2.23%) (0.77%) 
Table 16. Land transformation matrix of major cover types between 
the period 1875 and 1960. 
1875 
Agri- Waste Built-up/ Water Total of 
culture lands settlement body 1960 
1960 
Agricu-
lture 904.85 337.34 0.00 5.21 1247.40 
Waste 
land 49.34 79.09 0.00 0.85 129.28 
0.41 15.38 
3.78 18.25 
Total of 
1875 968.92 425.25 5.64 10.26 1410.00 
Build 
up 
Water 
body 
6.22 
8.51 
2.85 
5.96 
5.64 
0.00 
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4.3.3 LAND TRANSFORMATION BETWEEN 1875 AND 1992/93 
The land transformation matrix for the total study period, 
i.e., 1875 to 1992/93 is given in Table 17. Agricultural land of 
1875 lost to waste land, build up area and water body to the 
extent of 49.34, 6.22 and 8.51 sq km, respectively. Waste land in 
1875 v;ere converted to agriculture, built-up and water body to 
the extent of 337.34, 2.85 and 5.96 sq km, respectively. Water 
bodies during 1875 were transformed to agriculture land, waste 
land and built-up area to the tune of 5.21, 8.5 and 0.41 sq km, 
respectively. 
Table 17. Land transformation matrix array major cover types 
between the period 1960 and 1992/93. 
1992/93 
Agricu-
lture 
Waste 
land 
Built 
up 
water 
body 
Total of 
1960 
Agri-
culture 
1209.93 
18.33 
13.30 
5.85 
1247.41 
Waste 
lands 
85.01 
40.22 
2.44 
1.61 
129.29 
1960 
Built up/ 
settlement 
0.00 
0.00 
15.13 
0.00 
15.13 
Water 
body 
13. 87 
0.46 
0.55 
3.37 
18.25 
Total of 
1992/93 
1308.82 
59.01 
31.42 
10.84 
1410.00 
Total agricultural land during 1992/93 comes from actual 
agricultural of 18750 was 924.21 sq km, 377.26 sq km from waste 
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land and 0.34 sq km from water body. Agricultural land of about 
20.32, 18.95 and 5.41 sq km were lost to wasteland, built-up and 
water body, respectively. Built-up area during 1992/93 comes from 
agricultural land, waste land and water body of 18.95, 6.31 and 
0.49 sq km, respectively. Water body during 1992/93 which covered 
10.84 sq km were originally derived from agricultural land and 
wasteland of 5.41 and 3.09 sq km, respectively. 
Wasteland of 377.26 sq km were transformed to agriculture, 
6.31 sq km to built-up 3.09 sq km to water body. Water body of 
1875 V7ere converted to agriculture, waste land and also to built-
up area to the extent 7.34, 0.09 and 0.49 sq km, respectively. 
Table 18. Land transformation matrix array major cover types 
between the period 1875 and 1992/93. 
1875 
Agri- Waste Build up Water Total of 
culture lands settlement body 1992/93 
1992/93 
Agri-
culture 924.21 377.26 00.00 7.34 1308.81 
Waste 
land 20.32 38.59 00.00 0.09 59.00 
6.31 5.64 0.49 31.39 
3.09 0.00 2.34 10.84 
425.25 5.64 10.26 1410.00 
Build 
up 
Water 
body 
Total 
1875 
of 
18 
5. 
968. 
.95 
.41 
,90 
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6.0 DISCUSSION 
This study was designed to document land transformation in 
India at three hierarchical levels, namely, state/ national 
level, district-level and map based at local level. The study 
period was four decades for the first two levels. Which were 
investigated through analysis of land utilization statistics. The 
land transformation is driven by needs of human society. This can 
be seen through a combined analysis of land transformation and 
human and livestock population. The detailed study at lowest 
hierarchy used mapping as an analytical tool and was thus based 
on topographical maps for historical landuse and recent remotely 
sensed data for current landuse. This study was carried out for 
documenting transformation over a century, i.e., 1875 to 1992/93. 
6.1 STATE-LEVEL STUDY 
Earlier studies on changes in landuse comparing various 
states have been carried out by Giri (1966) and Sharma and Pandey 
(1992). A number of studies for individual states have also been 
carried out, such as for Uttar Pradesh by Pandey and Tewari 
(1987) for Kashmir by Dhar et al. (1987) and arid zone of Rajas-
than by Lai et al. (1993). The four states studied here, although 
contiguous, but represent various types of land transformation of 
varying magnitude during 1966-67 to 1983-84 period as noticed by 
Sharma and Pandey (1992). It was observed that highest transfor-
mation with respect to net area sown in the country was for 
Madhya Pradesh and Rajasthan while Gujarat and Maharashtra did 
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not show any change in this category. As noticed in the present 
study, the change in NAS in Gujarat and Maharashtra occurred in 
the period earlier to 1966 (Figure 8 & 10). Conversion of cultur-
able wasteland to agriculture (Net area sown) is the most common 
transformation observed. As at many places the area under cultur-
able wasteland has declined, possibility of future increase in 
net area sown from this source will be less. The net area sown 
has already reached a plateau, indicating that whatever new land 
is being brought into agriculture is being nullified by the 
losses of agriculture land. The losses are both due to conversion 
to agricultural land to built-up/ settlement area. This is no-
ticed as a consistent increase in the area put to non-
agricultural use, throughout this period. As the land-man ratio 
has continued to decline in the study period. The option avail-
able to feed the human population is through sustained productiv-
ity increase of the current agricultural land. 
6.2 DISTRICT-LEVEL STUDY 
The analysis of district-level land transformation statis-
tics of Gujarat for the period 1960-61 to 1989-90 has highlighted 
the wide diversity in landuse as well as land transformation. 
This range from very high barren and unculturable proportion in 
Kutch to predominantly forested Dangs while high proportion of 
net area sown to total geographical area is seen for Amreli, 
Kheda, Mehsana and Baroda. Amongst the predominantly agricultural 
districts, the change in cropping intensity between the period 
1960-61 to 1989-90 has been highest for Banaskantha and Mehsana 
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districts. Both of these area dominantly irrigated by ground 
water. 
Gujarat is the highest urbanized state in India due to rapid 
industrialization and migration in past two decades. This is 
reflected as increase in land put to non-agricultural use, which 
has irisen substantially during the period 1965-66 to 1989-90. 
Highest increase amongst the districts in noticed for Gandhinagar 
and is followed by Surat, Ahmedabad, Bharuch, Valsad and Baroda. 
The land transformation observed in various districts also 
indicates general decline in land under the category of pasture 
and other grazing lands. This could be viewed against increasing 
livestock population, although difference amongst the districts 
can be noted. The livestock per ha of pasture and other grazing 
varies from less than 1 for Kutch to more than 15 for Kheda in 
1977, although values higher than 19 were observed for Kheda in 
the period 1961 to 1972. Most of the other districts have 4-7 
livestock per ha of pasture and other grazing lands. Amongst the 
districts having high increase in this ratio are Mehsana, Sa-
barkantha and Amreli. The three districts also show substantial 
increase in cropping intensity demand for fodder is being met 
from agricultural residues. 
6.3 LAND TRANSFORMATION IN INTENSIVE STUDY SITE 
The analysis of land-transformation in the intensive study 
site covering parts of Ahmedabad and Mehsana districts is signif-
icant in two aspects One, it shows the pattern of land transfor-
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mation over a century in a semi-arid tract with major transforma-
tion being bringing more land under plough and slowly being 
shifted to urbanization. Another aspect is the insight provided 
by overlaying the multitemporal landuse maps to estimate a land 
transformation matrix. This highlights losses as well as gains, 
even in categories which although small in their overall extent 
but have significantly altered spatially. 
In the study period, the agricultural category increased 
from 68.7 % to 92.8 % of the study area, while, wastelands de-
creased in extent from 3 0.2 percent in 1875 to 4.2 percent of 
study area in 1992/93. The built-up/ settlement area has in-
creased from 0.4 to 2.2 percent in the same period. In the period 
I (1875 to 1960) this increase was mainly spread over the fringes 
of all the settlements, but in period II (1960 to 1992/93) the 
majority of increase is noticed on the fringes of two townships 
of Viramgam and Kalol as well as some of the surrounding villag-
es. 
The land transformation matrices over the two study period 
indicate that about 60 percent of increased settlement area was 
derived from agricultural land. 
The use of land utilization statistics has been some disad-
vantages in the study of land transformation. Some of these have 
been already pointed out in earlier studies. These area briefly 
discussed below. 
(a) There have been changes in classification. This is 
especially noticed in categories of barren and unculturable 
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wasteland as well as culturable wasteland. The abrupt changes 
noticed in Gujarat in 1969 as well as in Rajasthan are due to 
such reclassification. 
(b) The reporting area has also varied from year to year. 
Thus some of the observed change such as increased in various 
non-agricultural classes in early fifties noticed for India, as 
well as the four states studies are simply due to increase in 
reporting area. 
(c) The forest area does not actually represent forest 
cover, but is legally administered "forest" land. Thus, while 
deforestation in India is an undisputable fact, the land utiliza-
tion statistics actually show an increased forest area. In this 
case also, the remote sensing has given realistic estimates of 
forest cover as well as forest area losses in past decade at 
national and state level (Forest Survey of India, 1991). 
The main advantages of mapping procedure over statistics 
based procedure lies in its capability to provide not only the 
locations of transformations, but also a transformation matrix 
depicting original and transformed category. This provide more 
insight into the land transformation. Such as gains as well as 
losses in spatial context for each land mapped which, if equal, 
would be statistical study of land utilization statistics. 
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